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PREFACE 

Work reported herein was performed under the Space Station Phase  B 

~ x t e n s i o n  Period study (Contract NAS8- 25 140). The purpose of the Space 

Station Extension Pe r iod  has  been to per form the Phase  B definition of the 

Modular Space Station. The modular program selected during the option 

period (low initial cost,  incremental manning ) was evaluated, pequirements 

defined, and program definition and design accomplished to the depth neces- 

s a r y  fo r  exit f r o m  Phase  B. The initial 2-112 months effort of the extension 

period was for  analyses  of the requirements  associated with Modular Space 

Station program options. During this period, a baseline incrementally 

manned p rogram has  been derived with attendant experiment program options. 

In addition, those features  of the program that significantly affect the initial 

development and ea r ly  operating cos ts  were  identified, and their  impact on 

the program were  assessed.  This aseessment ,  together with a recommended 

program, were  submitted fo r  NASA review and approval on 15 April 1971. 

The second phase of the study (15 April  to 3 December 1971) consists of the 

program definition and prel iminary design of the approved Modular Space 

Station configuration. 

This report  is submitted a s  par t  of DRL No. MF-01, "Space Station P rogram 

(Modular) Cost Est imates  Document" which consists of the following volumes: 

Volume 1 -Program Estilmates 

Volume II-Subsys tem Est imates  

Volume I, P r o g r a m  Est imates ,  contains the program, project, and system 

level cos t  and schedule data. 

Volume 11, Subsys tem Estimates,  contains the subsys tern cost  and schedule 

data a s  well a s  the appendices (WBS Task Descriptions and Cost Estimate 

Data F o r m  A). 
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Section 1 

INTRODUCTION 

1.1 BACKGROUND 

With the advent of the Space Shuttle in the late 19701s, a long-term manned 

scientific laboratory in Ear th  orbit  will become feasible. Using the shuttle 

for orbital  buildup, logistics delivery, and re turn  of scientific data, this 

laboratory will provide many advantages to the scientific community and will 

make available to the United States a platform for application to the solution 

of national problems,  such a s  ecology research ,  weather observation and 

prediction, and r e sea rch  in medicine and the life sciences.  It will be ideally 

situated for Earth and space observation, and i t s  location above the 

atmosphere will be of grea t  benefit to the field of astronomy. 

This orbiting laboratory can take many forms and can be configured to house 

a crew of up to 12 men. The initial study of the 33-foot-diameter Space 

Station, launched by the Saturn INT-21 and supporting a complement of 

12 crewmen, has  been completed to a Phase B level and documented in the 

DRL-160 se r i e s .  Recently completed studies a r e  centered around a Space 

Station comprised of smal le r ,  shuttle- launched modules. These modules 

could ultimately be configured to provide for a crew of the same size a s  on 

the 33-foot-diameter Space Station, but buildup would be gradual, beginning 

with a small  initial crew and progressing t ~ w a r d  grea ter  capability by adding 

modules and crewmen on a flexible schedule. 

The Modular Space Station, Phase A level, study resul ts  a r e  documented in 

the DRL-231 se r i e s .  Recent Modular Space Station Phase B study resul ts  

a r e  documented in the DPD-235 se r i e s ,  of which this i s  a volume. 

The Space Station will.provide laboratory a r e a s ,  which like s imilar  facilities 
. .. .. 

on Earth,  will be designed for flexible, efficient changeover a s  research  and 

experimental programs proceed. Provisions for  such functions as  data 



processing and evaluation, as t ronomy support ,  and t e s t  and calibration of 

optics will be  included in the labora tory  a r ea s .  Z e r o  gravity,  which i s  

des i rab le  f o r  the conduct of exper iments ,  will be the normal  mode of opera-  

tion. In addition to exper iments  ca r r ied .  out within the  station, the labora-  

to r ies  will suppport  operation of exper iments  in  s e p a r a t e  modules that  a r e  

e i ther  docked to  the Space Station o r  free-flying. 

Following launch and activation, Space Station operat ions  will be largely 

autonomous, and a n  extensive ground support  complex will be unnecessary.  

Ground act ivi t ies  will ordinar i ly  be l imited to long-range planning, control  

of logist ics,  and support  of the exper iment  p r o g r a m  

The Initial Space Station (ISS), .which i s  shown in  the f i r s t  frontispiece,  will 

be del ivered to o rb i t  by th ree  Space Shuttle launches and will be assembled  

in space.  A crew in  the shuttle o rb i te r  will accompany the modules to 

assemble  them and check interfacing functions. 

ISS resupply and crew rotation will be c a r r i e d  out via round-trip shuttle 

flights using Logis t ics  Modules (Log M1s)  for  t ranspor t  and on-orbit  s torage 

of cargo.  Of the four Log M1s required,  one will r ema in  on orbi t  a t  a l l  

t imes .  

The shuttle will deliver experiment modules to the Space Station, a s  

required by the exper iment  p rog ram.  On r e tu rn  flights, the Shuttle will 

t ranspor t  data f rom the exper iment  p rog ram,  re turning crewmen,  and 

wastes.  

The Power /Subsys tems  Module will bd launched f i r s t ,  followed a t  30-day 

intervals  by the Crew/Operat ions  Module and the Genera l  Purpose  

Laboratory (GPL) Module. This basic  ISS configuration will provide for  a 

crew of six.  Subsequently, two additional modules (duplicate Crew/  

Operations and Power/Subsystems Modules) will be mated to the ISS to form 

the Growth Space Station (GSS) (shown in the second front ispiece) ,  which will 

house a crew of 12 and provide a capability equivalent to the 33-foot INT-21- 

launched Space Station. GSS logist ics support  will use  a Crew Cargo Module 

capable of t ransport ing a c rew of s ix .  



During ISS operations, five Research Applications Modules (RhhMqs) will be 

assembled to the Space Station. Three of these modules will be returned 

pr ior  to completion of the GSS. In the GSS configuration, 12 additional 

RAM'S will augment the two remaining f r o m  the PSS phase.  Three of the 

RAM'S delivered to the GSS will be free-flying modules. 

During the baseline 10-year program, the Space Station will be serviced by 

shuttle- supported Logistics Module or  Crew Cargo Module flights. 

1 . 2  SCOPE O F  THIS VOLUME 

The program and subsystem cost es t imates  and schedules in these volumes 

have been prepared in accordance with the Modular Space Station Program 

Definition (Phase B) Statement of Work, which cal ls  for costs  and schedules 

to be prepared for  the Modular Space Station P rogram,  beginning with 

Phase C and D implementation and continuing through the flight operations 

phase of the program. All data were to be prepared a t  the appropriate 

levels and were to be consistent with the Work Breakdown Structure (WBS), 

Figure 1 - 1. 

The level of definition varied for the different elements and phases of the 

program; therefore,  the costs  and schedules data varied a s  well. The costs 

and schedules of a l l  elements and phases were reported at  the project, 

Level 3, and summarized to the program Level 2. The Space Station 

Project (ISS phase-f i rs t  5 yea r s  of operation) was reported to the system 

Level 4, and the (ISS) Space Station Modules system was reported to the 

subsystems Level 5, a s  indicated in the Space Station Project  (ISS only) 

WBS breakdown, Figure 1-2. 

Volume I, P rogram Estimates,  contains the program, project and sys tem 

level cost, and schedule data. 

Volume 11, Subsys t em Estimates,  contains the subsys tem cost and schedule 

data, and the appendixes (WBS Task Descriptions and ~ a t a  F o r m  A). 
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FACILITIES 
PROJECT MANAGEMENT 
SYSTEM SUPPORT 
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Section .5 

SUBSYSTEM LEVEL 5 - TOTAL.SUBSYSTEMS FOR SPACE STATION 
MODULES - SPACE STATION PROJECT-ISS ONLY 

The Space Station Modules System i s  composed of the following subsystems, 

which a r e  defined in Appendix A: 

a Structural and Mechanical 

a Electr ical  Power 

a Environmental Control and Life Support 

a Propulsion and Reaction Control 

a Guidance and Navigation 

a Communications 

a Data Management 

Crew Habitability 

a Stabilization and Attitude Control 

a Onboard Checkout and Fault  Isolation 

a Experiment Support Equipment 

a Installation and Integration 

The subsections that follow contain a cost summary  and a development and 

production schedule for each subsystem. These cost estimates were 

developed a t  the subassembly and component levels, in consonance with the 

technical definitions, quantities, and location in the individual modules. The 

cost of each subsystem includes the cost of spa res  a s  follows. 



Spa re s  a s  a 
P e r c e n t  of Total  Subsystem Cost  

Subsys tem 

St ruc tu ra l  and Mechanical  

E l ec t r i c a l  Power  

Environmental  Control  and Life 
Support  

P ropu ls ion  and  Reaction Control  

Guidance and Navigation 

Communications 

Data Management 

Crew Habitability 

Stabil izat ion and Attitude Control  

Onboard Checkout and  Fau l t  Isolation 

Exper iment  Support  Equipment 

Production 
Spa re s  (TO) 

0. 1 

Ope ra t ions  
S p a r e s  ('7'0) 

2 . 1  

Total  
Spa re s  (To) 

2 . 2  

120.0 

Equivalent quant i t ies  of development t e s t  and qualification t e s t  shipsets  for  

each subsys tem a r e  tabulated in Table 5-1. It i s  noted that t e s t  a r t i c l e  

co s t s  a s s u m e  that development t e s t  a r t i c l e s  will be refurbished fo r  r eu se ,  

a s  poss ible ,  in  the functional model,  and that  qualification t es t  a r t i c l e s  will 

be refurbished,  a s  poss ible ,  fo r  r e u s e  in the flight integrat ion tool. 

(Reference:  Tes t  a r t i c l e  "Nu definition in Appendix A. ) 

Each of the subsys tem schedules  shows design,  development, t e s t ,  and 

manufacturing requ i rements .  The Space Station module subsys tem level  

ac t iv i t ies  p resen ted  include des ign engineering;  subsys tem development t e s t ,  

qualification t e s t ,  and de l ive r ies ;  and operat ional  vehicle manufacturing 

requ i rements .  

The composi te  subsys tem development and qualification t e s t  t ime  spans  a r e  

es tabl ished,  based on the Space Station module sy s t em level  t ime r equ i r e -  

ments  a s  const ra ined by the p r o g r a m  phase  durat ions .  The individual sub- 

sy s t em development and qualif icat ion test ing i s  pe r fo rmed  ini t ial ly during the 

t e s t  t ime-spans  al located.  Subsys tem integration test ing in the functional 

model ( F M )  and flight integrat ion tool ( F I T )  is then p e r f o r m e d  a t  the Space 



Table 5- 1 

SPACE STATION MODULES SUBSYSTEMS, 
EQUIVALENT DEVELOPMENT QUANTITY 

(SHIPSETS)* 

WBS 
Development Qualification 

Subsystem Tes t  Tes t  

8x24 Elec t r ica l  Power 

8x05 ECILS 0 .5  0 .4  
i 

8x59 Crew Habitability and Protect ion 0 .4  0 .4  

8x23 Propulsion and Reaction Control 0 . 5  0 . 5  

8x47 Data Management 0 . 4  0 .4  

8x56 Stabilization and Attitude Control 0 . 5  0 .5  

8x46 Guidance and Navigation 

8x07 Communications 

8x57 On-Board Checkout and 
Fault  Isolation 

8x02 Structural  and Mechanical 0 .2  0 . 8  

8x39 Experiment Support Equipment 0. 8 1.0 

*Shipset i s  Space Station Modules equivalent ( th ree  modules' worth) 



Station module sys t em level. Subsystem integration t e s t s  a r e  predicated on 

the concept that a l l  subsys tems  must  demonstrate their  capability to operate 

a s  sys tems  without adve r se  interactions o r  deleterious side effects. Until 

this demonstration i s  made, the subsystems cannot be considered fully 

qualified. This philosophy a l so  applies to existing hardware that has  been 

repackaged o r  slightly modified to meet  new requirements .  

Development t e s t s  a r e  per formed to determine and evaluate design 

feasibility, functional p a r a m e t e r s ,  technical data, packaging and fabrication 

techniques, and environmental  l imitations.  This category of testing includes 

tes t s  designed to demonstrate  that the design meets  the specified requi re -  

ments,  to identify c r i t i ca l  a r e a s  where design improvement may be required,  

o r  to identify p r i m a r y  failure modes or  cr i t ical  environments.  They a r e  

a l so  used to demonstrate  that the probability of passing qualification i s  

sufficiently high to warran t  commitment of equipment to the qualification 

tes t .  These t e s t s  may be conducted a t  any hardware or  software level, and 

they include compatibility o r  integration t e s t s .  The qualification t e s t s  a r e  

performed to demonstrate  specification compliance. 

A schedule for  each of the subsystems i s  presented in the following sections. 

The number of equivalent subsys tems  i s  based upon the data in Table 5-2.  

The quantity shown in the columns "FM" and "FIT" indicates the total 

equivalent quantity of the subsystem units required to support the FM o r  FIT. 

The subsystem equipment for the FM and FIT comes f rom the subsystem 

development tes t  and the qualification tes t ,  respectively.  The quantity 

shown in the columns "Additional to FM" o r  "Additional to FIT" i s  the amount 

required in addition to that received f rom the subsystem development tes t  o r  

qualification tes t .  The one exception to  this i s  in the s t ruc tura l  and 

mechanical subsystem,  where the quantity for  the FIT i s  a nonqualification 

unit. 



T
a
b

le
 5

-2
 

S
P

A
C

E
 S

T
A

T
IO

N
 M

O
D

U
L

E
S

, 
T

E
S

T
 A

R
T

IC
L

E
 "

N
1
'-
S

U
B

S
Y

S
T

E
M

 
E

aU
IV

A
L

E
N

T
 .

E
Q

U
IP

M
E

N
T

 L
IS

T
 

(I
S

S
 O

n
ly

) 

D
ev

el
o

p
- 

Q
u

al
if

i-
 

A
d
d
i -

 
A

d
d

i-
 

O
p

e
ra

- 
S

p
a

re
s 

m
e
n

t 
c
a
ti

o
n

 
ti

o
n

a
l 

ti
o

n
a

l 
ti

o
n

a
l 

T
e

st
 

T
e

st
 

F
M

 
'~

O
F

M
 F
IT

 
to

F
IT

 
V

eh
ic

le
 

F
IT

 
O

V
 

T
o

ta
l 

E
le

c
tr

ic
 P

o
w

e
r 

E
n

v
ir

o
n

m
e
n

ta
l 

c
o

n
tr

o
l 

an
d

 l
if

e
 s

u
p

p
o

rt
 

C
 r
 e

w
 h

a
b

it
a
b

il
it

y
 a

n
d

 
p

ro
te

c
ti

o
n

 

P
ro

p
u

ls
io

n
 a

n
d

 
re

a
c

ti
o

n
 c

o
n

tr
o

l 
I-
 

I-
 

D
at

a 
m

a
n

a
g

e
m

e
n

t 

G
u

id
an

ce
, 

n
av

ig
at

io
n

, 
an

d
 c

o
n

tr
o

l 

O
n

b
o

ar
d

 c
h

e
c
k

o
u

t 
an

d
 

fa
u

lt
 i

so
la

ti
o

n
 

S
tr

u
c

tu
ra

l 
an

d
 

m
e

c
h

a
n

ic
a

l 

E
x

p
e
ri

m
e
n

t 
su

p
p

o
rt

 
eq

u
ip

m
en

t 

S
ta

b
il

it
y

 a
n
d
 

a
tt

it
u

d
e
 c

o
n

tr
o

l 

C
o

rr
u

n
u

n
ic

at
io

n
s 



5. 1. 1 Summary 

The s t ruc tura l  and mechanical subsys tem includes: 

A. The basic s t ructure and al l  provisions for the s t ruc tura l  accommo- 

dation of a six-man crew, the spacecraf t  subsystems, and an 

experiment program. 

B. Mechanical equipment required for: 

1. Docking with experiment o r  logistics modules. 

2. Space Station access ,  including hatches, airlocks,  and view- 

ports. 

3. Antenna and solar  a r r a y  drive. 

4. Cargo handling and t ransfer .  

5. Extravehicular activity support. 

This subsystem is il lustrated in the WBS assembly-level breakdown i n  

Figure 5- 1. 

(LEVEL 5) STRUCTURAL/ I MECHANICAL I 

FORWARD SKIRT 

1 

I IASSEMBLY GROUPS) I 

METEOROID SHIELD 

SIDEWALL 

PRESSURE FLOOR 

MECHANICAL 
ASSEMBLY 

STRUCTURAL 
ASSEMBLY 

VIEWPORTS (12) 

RADIATOR DOCKING PORT MECHANISM 
(INCLUDING HATCH) 

METEOROID COVER 
HATCHES (14) 

INSULATION INONDOCKING) 

(LEVEL 6)  

DEPLOYMENT MECHANISMS 
ANTENNA 
ACQUISITION RADAR 

TURRET (1) 
TURRET DRIVE (1) 

TUNNEL 11) 

INTERNAL EQUIPMENT 

Figure 5-1. Structural/MechanicaI Subsystem Assembly Breakdown MOUNTS 



Definition 

The task definition of this WBS box i s  contained in Appendix A. 

Cost Assumptions, Ground Rules, and Rationale 

There a r e  none in addition to those in section 2. 1.2. 

5. 3. 2 Costs - 
5. 1. 2. 1 Space Station Modules 

Cost Methodology 

The estimated costs  have been developed f rom summations of cos t  es t imates  

a t  subordinate levels. The subordinate cos t  es t imates  were  developed at one 
or  more  levels below that being reported. The costs  reported a t  this level 

include the coet  of integrating the elements a t  the subordinate levels, 

Cos t Es timate 

The total cos t  ie est imated to be $76 million, ae follows: 

DDT&E-It i s  .es t imated that the DDT&E effort will cos t  $58 million, 

begin 66 months  pr ior  to the milestone launch date of 

October 1980, and require  43 months for completion. 

Production- It i s  es t imated that the production effort  will coet 

$18 million, will begin 43 months prior .to the milestone launch 

date of October 1980, and will require  17 months for completion. 

Operations- It i s  estimated that the operations effort  will cost  l e s s  than 

$0. 5 million, will begin 28 months prior to the milestone 

launch date of October 1980, and will continue for 28 months. 

Funding Distribution 

Figure 5-2 i s  a summary  cha r t  that highlights the relationships of the cos t  

es t imates  to  technical charac ter i s t ics  and schedules. It also presents an 

overview of the funding allocations, both yearly and cumulatively by Govern- 

ment  fiscal year  (midyear plot). DDT&E funding has been spread, using a 

60-percent spread function, production funding was spread  a t  40 percent, 

and operations funding is based on a composite spread  function. 
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5. 1.2. 1. 1 Power/Subsystems Module 

The hatimated cos t  of the s t ruc tura l  and mechanical subsystem for  this 

module is a s  follows: 

1972 Dollars in Millions 

Production Operations Total - 
7 0 37 

5. .1. 2.. 1. 2 Crew/ operations Module 

The estimated cos t  of the s t ruc tura l  and mechanical subsystem for this 

module is as follows 

1972 Dollars in Millions 

DDT&E Production 

8 5 

Oper ations 

0 

Total 

5. 1.2. 1. 3 GPL Module 

The schedule for  the Space Station ~ o d u l e s  s t ruc ture  and mechanical sub- . 

module is as follows: 

1972 Dollar s in Millions 

DDT&E Production 

2 1 6 
Operations 

b 

0 

Total 

5. 1. 3 Schedule 

The schedule for the Space Station Modules s t ructure and mechanical sub- 

sys tem is shown in Figure 5-3. This schedule identified equivalent 

subsys tem-level equipment requirement s (Table 5- 3) and development 

activities required to design, test ,  and produce the subsystem. The schedule 

shows major  milestones, key events, and cr i t ica l  actions related to  the 

subsys tem. 

The s t ructure and mechanical eubsys tern design engineering will start a t  

Phase C/D ATP. The design requirements and design approach required for 

Prel iminary Design Review (PDR) a r e  established to  meet  the PDR date of 

October 1976. The engineering re lease  (ER) for the s t ructure and mechanical 
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Table 5-3 

STRUCTURE AND MECHANICAL EQUIVALENT 
SUBSYSTEM EQUIPMENT LIST LEGEND 

Develop- Qualifi- Addi- Addi- Opera- 
ment cation tional tional tional 
Test Tes t  FM to FM FIT to FIT Vehicle Spares 

NQU- 1 0. 9 

NQU-2 0. 2 

QU- 1 0. 8 

FA- 2 0.025 

subsystem occurs 21 months after Phase C/D ATP and 9 months prior to the 

final Space Station Modules system ER data. The Critical Design Review 

(CDR) occurs 2 months before the ER. The First Article Configuration 

Inspection (FACI) is performed a t  the time of delivery of the flight hardware 

in February 1979. The DDT&E begins with Phase C/D ATP and ends a t  

qualification tee t completion in October 1978. 

The manufacturing time span begins with the nonqualification units in 

October 1976 and ends when manufacturing of the production units for spares  

is completed in July 1979. 

Two nonqualification units a r e  produced, and one is shipped directly to the 

FIT upon completion of manufacture. The s ec ond nonqualification unit 

(0.2 equivalent) is used for a 6-month period in development testing of the 

subsystem. One qualification unit is produced for the qualification testing of 

8-month duration. Additional testing is performed early in the development 

phase a t  the component, subaa sembly, and as  sembly levels. 

There a r e  two a reas  of technical capability in the s tructural  and mechanical 

subsystem that a r e  unique and will require special attention during the design : 

and development period: s t ructural  analysis through computer redundant- 

force analysis programs and mass  properties management. The FORTRAN 
. . . .  . . .  . . . . 



Matrix Abstraction Technique (FORMAT) is a FORTRAN computer program 

designed for d i rec t  and simple implementation of the extensive s t ruc tura l  

technology published in ma t r ix  notation. Matrices up to 2, 000 order  can be 

accon~modated in the basic FORMAT system; and a special  version of the 

displacement method, MINI- FORMAT, can solve statics problems up to 

4,000 order.  The SA-49 (modified FORMAT 111) computer program will be 

applied to provide a highly automated sys tem for  analysis of la rge  complex 

s t ructures ,  using the force o r  displacement method (finite element analysis). 

The internal forces  and deflections, c r i t ica l  loads and buckling modes, and 

resonant frequencies and vibration modes will be determined, using the 

SA-49 program. The loading can  be mechanical or  thermal,  and both force 

and displacement methods a r e  fully implemented. 

Mass properties management for the Space Station will be m o r e  complex and 

cr i t ical  than previous programs to insure the fulfillment of the program 

objectives and contractual requirements.  This crit icali ty i s  associated with 

the s ize of the Space Station, mission life, experiment program, and mass  - 
balance associated with the continuing logis t ics resupply. 

The existing computer programs provide the weight analyst  with an automatic 

data processing capability to  record  and repor t  mass  properties f rom the 

f i r s t  stages of planning and development to the conclusion of the program. 

The environmental c r i t e r i a  and design constraints require  investigations and 

special  emphasis in three  a reas :  dynamic seals,  lubrication, and the 

structurally integrated meteoroid shield-radiator-insulation concept. 

Dynamic seals  will be used to  prevent or  r e s t r i c t  loss  of a gas o r  liquid 

across  and interface subject to  translation or rotation. Designs incorpora- 

ting rotating sea ls  with the la rge  diameters  projected for the Space Station 

program a r e  not presently in production; performance data a r e  therefore 

not available. A development t e s t  program to investigate details of sea l  

design and type of mater ia l s  to  use,  along with persistent attention to detail, 

is required to provide sea ls  with high reliability and long life. 



An investigation of lubricants and accelerated life, teeting in a simulated 

space environment, ie neceaeary to aesure high reliability and long life fo r  

operating mechanisms and component a. 

The search for  efficient structural configuratione has led to an integrated 

s truc t u r d  concept of a meteoroid shield1- radiator -insulation sys tern. The 

complex deeign and functional requirements between the three systems will 

require a systems design approach, with special attention given to detail 

throughout the design phaee to assure that the resulting concept is an 

optimum design. 



5.2 ELECTRICAL POWER SUBSYSTEM (WBS 2 x 75 x 24) 

5.2. 1 Summary 

The e lec t r ica l  power subsystem includes a solar  a r r a y  power source,  

deployment and orientation mechanisms, energy management equipment, 

s torage and regulation equipment, power conditioning equipment, and power 

distribution protection and switching assemblies.  

This subsystem is  i l lustrated in the WBS assembly level breakdown in 

Figure 5-4. 

Definition 

The task definition of this WBS box i s  contained in Appendix A. 

Cost As s umptions, Ground Rules, and Rationale 

There a r e  none in addition to those in Section 2. 1. 2. 

5.2.2 Costs - 

5.2. 2. 1 Space Station Modules 

Cost Me thodology 

The estimated costs  have been developed from summations of cos t  estimates 

a t  subordinate levels. The subordinate cos t  estimates were  developed a t  

one or  m o r e  levels below that being reported. The costs  reported a t  this 

level include the cos t  of integrating the elements a t  the subordinate levels, 

Cost Est imate 

The total cos t  i s  estimated to be $157 million, a s  follows: 

DDT&E-It i s  estimated that the DDT&E effort will cost  $94 million, 

will begin 66 months prior to the milestone launch date of 

October 1980, and will require  57 months for completion. 

Production- It - i s  estimated that the production effor t  will cost  

$29 million, will begin 38 months pr ior  to the milestone 

launch date of October 1980, and will require  22 months 

for c omple tion. 
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Operations - It i s  estimated that the operations effort will cos t  

$ 3 4  million, will begin 18 months pr ior  to the milestone 

launch date of October 1980, and will continue for 

19 months. 

Funding Distribution 

Figure 5-5 is a summary  cha r t  that highlights the relationships of the cos t  

es t imates  to technical charac ter i s t ics  and schedules. It also presents an 

overview of the funding allocations, both yearly and cumulatively by 

Government fisc a1 year  (midyear plot). DDT&E funding has been spread, 

using a 60-percent spread  function, production funding was spread a t  

4 0  percent, and operations funding i s  based on a composite spread function. 

5. 2. 2. 1. 1 Power/Subsystems Modnle 

The estimated cos t  of the e lec t r ica l  power subsystem for this module is as  

follows : 

1972 Dollars in Millions 

DDT&E Production Operations Total 

5.2. 2. 1.2 Crew/ Operations Module 

The estimated cos t  of the electr ical  power subsystem for  this module i s  as  

follows: 

1972 Dollars in- Millions 

Production 

5.2, 2. 1. 3 GPL Module 

Operations Total 

The estimated cos t  of the electr ical  power subsystem fo r  this module is  as  

follows: 

1972 Dollars in Millions 

Production Operations Total - 
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5. 2. 3 Schedule 

The schedule for the Space Station Modules electr ical  power subsystem is 

shown in Figure 5 -6. This schedule identifies equivalent subsys tem-level 

equipment requirements (Table 5-4) and development activities required to  

design, test, and produce the subs;rstem. The schedule provides major  

milestones, key events, and cr i t ica l  actions related to the subsystem. 

The electr ical  power subsys tem design engineering s t a r t s  a t  Phase C/ D 

ATP. Major subcontractor A T P  occurs  8 months into Phase C / D  to establish 

the design requirements  and design approach required for Prel iminary 

Design Review (PDR). The engineering re lease  (ER) for the electr ical  

power subsystem occurs  30 months af ter  Phase C / D  A T P  and i s  coincident 

with the1Space Station Modules sys tem ER final date. The Cri t ical  Design 

Review (CDR) occurs 2 months before ER, The F i r s t  Article Configuration 

Inspection (FACI) i s  performed a t  the t ime of delivery of the flight hardware 

in November 1979. The DDT&E begins with Phase C / D  design and ends at 

qualification tes t  completion in October 1979. 

The manufacturing t ime span begins with the nonqualification units in 

October 1976 and is completed with the manufacturing of the production 

units for spa res  in August 1980. 

One nonqualification unit is produced and used in development testing of 

the subsystem. Three months before the completion of the test ,  50 percent 

of the unit is  shipped to the functional model. A second nonqualification 

unit is  shipped directly to the FM upon completion of manufacture. One 

qualification unit is  produced for the qualification testing. Three months 

before completion of the qualification test ,  60 percent of the unit is 

shipped to the flight integration tool for  integration and testing. A second 
qualification unit is  shipped directly to the FIT upon completion of 

manufacture. Additional testing is performed ear ly  in the development 

phase a t  the component, subassembly, and assembly levels.  
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Table 5-4 

ELECTRIC POWER EQUIVALENT SUBSYSTEM EQUIPMENT 
LIST LEGEND 

Develop- Qualifi- Addi- Addi- Opera- 
ment cation tional tional tional 
Tes t  T e s t  F M  to  F M  F i t  t o  FIT Vehicle Spares  

NQU- 1 

NQU-2 

QU- 1 

QU-2 

FA- 1 

FA-2 

The E PS will require  unique design, development, and t e s t  activities, 

primarily in the elements of the solar  a r r a y  and deployment and orientation 

assemblies.  The a r r a y  sys tem utilizes two solar  a r r a y  wings for a total 

of 442 m2 (5, 300 s q  ft) in a rea .  Each wing i s  composed of two contained 

packages of flat-folded flexible substrate  Array blankets and one t rus s  

s t ructure extendible m a s t  (an Astro-mast). Each package contains a 

quadrant of the two-wing ar ray .  The mas t  is deployed between the two 

a r ray  blanket packages. The tcps of the blanket packages a c t  a s  a tee 

across  the outboard end of the boom and pull the a r r a y  blankets outward 

during m a s t  deployment. The two canis ters  containing the de ployable 

booms for the two a r r a y  wings a r e  attached to either side of a central  

turret ,  which contains the wing tracking drives and the a r r a y  power - 
t ransfer  assemblies.  By rotating the deployment booms about their  

longitudinal axis of the power module, 360 degrees,  two-axes tracking 

of the two a r r a y  wings i s  accomplished. The solar a r r a y  panels, 

orientation drive, and power t ransfer  systems a r e  defined as  the major 

problem a reas ,  and they will require  extensive investigation, develop- 

ment, and qualification. 



Many of the components and assemblies  used in the other assembly groups 

have been employed in other programs and a r e  categorized a s  standard 

equipment design. However, difficulties relating to  development of 

energy storage, power regulation and.contr 01, and power management 

will requi re  detail  attention and development verification to a s su re  all 

technical charac ter i s t ics  a r e  achieved. ' 



5.3  ENVIRONMENTAL CONTROL AND LIFE SUPPORT 
SUBSYSTEM (WBS 2 x 75 x 05) 

5. 3. 1 Summary  

The EC/ LS subsys  t e m  includes the equipment that  provides: 

Atmosphere supply and control  

Atmosphere  regenerat ion 

Atmosphere  purification 

Water management  

Waste management  

IVA/EVA equipment 

The rma l  control  

This subsys tem i s  i l lus t ra ted in the WBS assembly  leve l  breakdown in  

Figure  5-7. 

Definition 

The task definition of this WBS box is contained in  Appendix A. 

Cost  Assumptions,  Ground Rules,  and Rationale 

The re  a r e  none in  addition to  those in Section 2. 1. 2. 

5. 3. 2 Costs  

5. 3. 2 .  1 Space Station Modules 

Cost A4e thodology 

The es t imated  cos t s  have been developed f r o m  summations of cos t  es t imates  

a t  subordinate levels.  The subordinate cos t  es t imates  were  developed a t  one 

or  m o r e  levels below that being reported.  The cos t s  repor ted a t  this level  

include the cos t  of integrating the e lements  a t  the subordinate levels.  
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Cost Estimate 

The total cost  is estimated to be $144 million, a s  follows: 

DDT&E - It i s  estimated that the DDT&E effort  will cos t  $94 million, 

will begin 66 months prior to the milestone launch date of 

October 1980, and will require  52 months for completion. 

Production - It i s  estimated that the production effort will cos t  

$20 million, will begin 37 months pr ior  to the milestone launch 

date of October 1980, and will require  17 months for completion. 

Operations - It is estimated that the operations effort will cost  

$30 million, will begin 23 months prior to the milestone launch 

date of October 1980, and will continue for 12 months. 

Funding Distribution 

Figure 5-8 is  a summary  cha r t  that highlights the relationships of the cos t  

es t imates  to technical charac ter i s  t ics and schedules. It also presents an 

overview of the funding allocations, both yearly and cumulatively by 

Government fisc a1 year  (midyear plot). DDT&E funding has  been spread, 

using a 60 - percent spread  function, production funding was spread a t  

40 percent, and operations funding is based on a composite spread  function. 

5. 3 . 2 .  1. 1 Power/Subsystems Module 

The estimated cos t  of the environmental control and life support subsystem 

for  this module is a s  follows: 

1972 Dollars in Millions 

DDT&E Production Operations 

2 9  7 10 

Total 

5. 3. 2. 1. 2 Crew/ Operations Module 

The estimated cos t  of the environmental control and l i fe  support subsystem 

for this module i s  a s  follows: 

1972 Dollars in Millions 

DDT&E Production ' Operations 

41 7 10 

Total 

5 8 
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5. 3. 2. 1. 3 GPL Module 

The estimated cos t  of the environmen'tal control and life support subsystem 

for this module is a s  follows: 

1972 Dollars in Millions 

DDT&E Production Operations Total - 
24 6 19 39 

5. 3. 3 Schedule 

The EC/ LS subsystem design engineering s t a r t s  a t  Phase C/D ATP. (See 

Table 5-5 and Figure 5-9. ) Major subcontractor A T P  occurs  10 months into 

Phase C/ D to establish the design requirements and design approach required 

for  Prel iminary Design Review (PDR). It will be necessary  to se lec t  

assembly-level subcontractors ear ly  in Phase C / D  to allow them sufficient 

t ime to complete their  development and to meet  the schedule requirements.  

Before the major subcontractor receives ATP, such activities such a s  

specification release,  request  for bids, proposal preparation, and evaluation 

must  be completed. 

The engineering re lease  (ER) for the ECILS subsystem occurs  25  months 

after Phase C/D A T P  and 5 months before the Space Station Modules sys tem 

ER final date. The Cri t ical  Design Review (CDR) occurs  2 months before 

ER. The F i r s t  Article Configuration Inspection (FACI) is performed a t  the 

t ime of delivery of the flight hardware in October 1979. The DDT&E begins 

with Phase C/ D ATP and ends a t  qualification t e s t  completion in April 1979. 

Table 5-5 

ENVIRONMENTAL CONTROL AND LIFE SUPPORT 
EQUIVALENT SUBSYSTEM EQUIPMENT 

LIST LEGEND 

Develop- Qualifi- Addi- Addi- Opera- 
me nt cation tional tional tional 
Tes t  Tes t  FM to FM FIT to FIT Vehicle Spares  

NQU- 1 0. 5 0. 2 

QU- 1 0.4 1. 0 

QU-2 0.8  

FA- 1 1. 0 

FA- 2 2. 06 
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The manufacturing t ime span begins with the nonqualification units in 

September 1976 and is completed with manufacture of the production units 

for spa res  in June 1980. 

One nonqualification unit 3s produced and used in development testing 

(9-month duration) of the subsystem. At the end of 3 months, approximately 

20 percent of the unit is shipped to the functional model (FM), One qualifica- 

tion unit is produced for the qualification testing (1 1-month duration). Three 

months before the completion of the qualification test, 20 percent of the unit 

i s  shipped to the flight integration tool (FIT) for integration and testing. A 

second qualification unit i s  shipped directly to the FIT upon completion of 

manufacture. Additional testing is  performed ear ly  in the development 

phase a t  the component, subassembly, and assembly levels. 

The EC/ LS subsystem i s  composed of maGy different assemblies  that require  

integration with each other and with the configuration. A diversity of 

technology is  required to develop a successful subsystem, including high- 

pressure gas storage, atmosphere pressure  and composition control, 

vacuum pumping, conventional atmosphere temperature and humidity contr 01, 

atmosphere C02  control via adsorptive beds, membrane electrochemistry,  

urine and wash water purification, and fluid-heat t rans  port  circuits.  

The key problems a t  the assembly level a r e  the development of the urine, 

wash water,  and condensate water recovery assemblies.  These represent  

the most  difficult development problems, and SRT funding is required. The 

depth of funding and the success  achieved in the SRT development will affect 

the magnitude of the development problem in Phase C/D. 

The key subsystem-level problems a r e  (1) the integration of the many assem-  

blies s o  that they a r e  compatible with each other and (2) the integration of 

these assemblies  into the configuration. Many of these assemblies,  such as  

atmosphere temperature control, atmosphere ventilation, and the heat- 

t rans port circuits,  a r e  sensit ive to the configuration. Therefore,  it i s  vital 

to complete an integrated EC/LS subsystem-level t e s t  with a simulated 

installation before final qualification of the assemblies.  



5 . 4  PROPULSION/REACTION CONTROL SUBSYSTEM 
(WBS 2 x 75 x 23)  

5 . 4 .  1 S u m m a r y  

This  subsys t em provides  the t h ru s t  impulse  requ i red  to maneuver  and 

position the Space  Station in orbi t .  Station P I R C S  is compr i sed  of a 

h igh- thrus t  bipropellant  sy s t em and a low- t h ru s t  r e s i s t o j e t  sy s t em.  The 

high- thrus t  s y s t e m  provides  the f inal  o rb i t  adjus tment ,  maneuvers ,  

scheduled d i s tu rbances  and backup at t i tude control .  The  low th rus t  s y s t e m  

will provide the o rb i t  keeping and CMG desatura t ion functions. 

This  subsys t em i s  i l lus t ra ted  in the  WBS a s semb ly  level  breakdown in 

F i g u r e  5-10. 

Definition 

The t ask  definition of this  WBS box i s  contained in Appendix A. 

PRESSURIZATION SUBSYSTEM 
PRESSURANT STORAGE 
PRESSURANT CONTROL 
PRESSURANT RESUPPLY 

PROPELLANT SUBSYSTEM 
PROPELLANT STORAGE 
PROPELLANT RESUPPLY 

THRUST SUBSYSTEM 
THRUSTOR MODULE 

PURGE SUBSYSTEM 
PURGE ASSEMBLY 

EXPENDABLES 
PRESSURANT 
PROPELLANT 

(LEVEL 6,  

PROPELLANT SUBSYSTEM 
COLLECTION AND STORAGE 

CONTROL SUBSYSTEM 
FLOW CONTROL 
POWER DISTRIBUTION AND 
CONTROL 

THRUSTOR SUBSYSTEM 
THRUSTOR MODULE 

PROPULSION SUBSYSTEM 

b 

Figure 5-10. Propulsion Subsystem Assembly Breakdown 

I 
I (ASSEMBLY GROUPS) I 

HIGH-THRUST 
PROPULSION 

(LEVEL 6) 
LOW-THRUST 
PROPULSION 



Cost Assumption, Ground Rules  and Rationale 

The re  a r e  none in addition to  those in Section 2. 1. 2. 

5 . 4 . 2  Costs  

5 . 4 .  2 .  1 Space Station Modules 

Cost  Methodology 

The es t imated cos t s  have been developed f r o m  summations' of cost  es t imates  

at  subordinate levels .  The subordinate cost  es t imates  were  developed a t  

one o r  m o r e  levels  below that being reported.  The cos t s  repor ted a t  this 

level  include the cost  of integrating the e lements  a t  the subordinate levels .  

Cost  Es t ima te  

The Total  Cost  i s  es t imated to be $35 million, a s  follows: 

DDT&E-It is es t imated that  the DDT&E effort  will  cos t  $19 million, 

will  begin 66 months pr io r  to  the miles tone launch date of 

October 1980, and will  requ i re  48 months for  completion. 

Production-It i s  es t imated that the production effort will cost  

$8 million, will begin 36 months p r io r  to the miles tone 

launch da te  of October 1980, and will requ i re  13 months fo r  

completion. 

Operations -It is estimated that the operation effort  will cos t  $8 million, 

will begin 25 months p r i o r  to the miles tone launch date  of 

October 1980, and will continue f o r  13 months. 

Funding Distribution 

F igure  5-  11 i s  a s u m m a r y  cha r t  which highlights the relat ionships of the 

cost  es t imates  to technical cha rac t e r i s t i c s  and schedules.  It a lso  presen ts  

an overview of the funding allocations, both year ly  and cumulatively by 

Government f iscal  y e a r  (midyear  plot). DDT&E funding has  been spread  

usiyg a 60 percent  spread  function, while production funding was spread  at  

40 percent ,  and operations funding is based on a composite spread  function. 
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5. 4. 2. 1. 1 PowerISubsystems Module 

The es t imated cost  of the propulsion/reaction control  subsys tem f o r  this 

module i s  a s  follows: 

1972 Dol lars  in Millions 

DDT&E Production Operations - Total  

8 3 3 14 

5.4. 2. 1. 2 Crewlope ra t i ons  Module 

The es t imated cost  of the propuls ion/react ion control  subsys tem f o r  this , 

module i s  a s  follows: 

1972 Dol lars  in  Millions 

DDT&E Production Operat ions  

11 5 5 

Total 

5 .4 .  2. 1. 3 GPL Module 

The es t imated cost  of the propuls ion/react ion control  subsys tem f o r  th is  

module i s  a s  follows: 

1972 Dol lars  in  Millione 

DDT&E Production Operatione Total  

5 .4 .3  Schedule 

The schedule f o r  the Space Station Modules propulsion subeys tem is ehown 

in  F i g u r e  5- 12. This  schedule identifies equivalent subsys tem leve l  

equipment requi rements  (Table  5-6) and development act ivi t ies  required t o  

design, tes t ,  and produce the subsystem.  

The propulsion design engineering will  s t a r t  a t  Phase  C / D  ATP.  Major  

subcontractor  A T P  occurs  8 months into the Phase  C /D  to  es tabl ish  the 

design requi rements  and design approach required f o r  P re l imina ry  Design 

Review (PDR) .  Specification coiltrol drawings m u s t  be  prepared,  approved, 

and submitted fo r  bid to allow for  ea r ly  selection of vendor. The engineer-  

ing r e l ea se  ( E R )  fo r  the propulsioll subsys tem occu r s  24 months a f te r  

Phase  CID A T P  and 6 months p r io r  t o  the final  Space Station Modules s y s t e m  

ER date. The Cr i t i ca l  Design Review (CDR) occurs  two months before ER. 
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Table  5-6 

PROPULSION/REACTION CONTROL EQUIVALENT SUBSYSTEM 

EQUIPMENT LIST LEGEND 

Develop- Qualifi- Addi - Addi- Opera-  
men t  cation tional tional tional 
T e s t  T e s t  F M  to F M  F I T  to  F I T  Vehicle Spares  

NQU- 1 0 . 5  0 .2  

QU- 1 

QU-2 

FA-  1 

FA-2 

The First Art ic le  Configuration Inspec tion (FACI) i s  performed at the t ime  of 

delivery of the flight hardware  in  June 1979. The DDT&E begins with 

Phase  C / D  design and ends a t  qualification t e s t  completion in December  1978. 

The manufacturing t ime  span  begins with the nonqualification units in  

October 1976 and i s  completed with the manufacture of the qualification 

units f o r  s p a r e s  in  January  1980. 

One nonqualification unit i s  produced and used in  development test ing 

(13-months duration) of the subsystem. Three  months before  completion 

of the t e s t  on the f i r s t  unit, 20 percent  of i t  i s  shipped to  the functional 

model. One qualification unit i s  produced fo r  the qualification testing 

(9  -months duration). Two months before completion of the qualification 

tes t s ,  30 percent  of the unit i s  shipped to the flight integration tool fo r  

integration and testing. A second qualification unit i s  shipped to the F I T  

upon completion of manufacture .  Additional testing i s  per formed ea r ly  in  

the development phase a t  the component, subassembly,  and assembly  levels. 



The Space Station requirements  fo r  a 10-year operational life with 

maintainable subsystems pose some new and severe  requirements  on the 

propulsion subsystem. In  particular,  contamination of external  surfaces 

with exhaust products must  be minimized and maintenance provisions for  

toxic propellant assemblies  and externally-mounted thrus tors  must  be 

developed. P resen t  ground decontamination and purging procedures have 

wasted consumables and have depended to a la rge  degree upon atmospheric 

dilution to reduce toxicity. Careful preplanning of the procedure investiga- 

tion must  precede the design phase; s t r i c t  attention to  design detail will be 

required to  provide a workable maintenance activity. 

The integration of the low-thrust (C02 biowaste resis tojet)  with the EC/LS 

subsystem molecular s e r i e s  is a new concept; therefore,  the control mode 

analysis, consumption schedule, and intersystem response character is t ics  

must  be studied in  detail. The mechanical design of the subsystem, other 

than thrustors ,  is straightforward. The necessary thrustor  design and 

development effor t  will be provided by SRT activity. Results of the SRT 

programs will be used a s  soon a s  available to update subsystem design. 

The high-thrust ( N  H ) assembly design i s  largely within the present  state 2 4 
of the ar t .  Special emphasis must  be placed upon surface contamination and 

thrustor  life. Both of these a r e a s  have been noted in the SRT requirements.  

Wherever possible, i t ems previously developed for  s imi lar  applications 

will be selected. The thrustor  development for  both the high- and low-thrust 

assemblies  will be major  subcontracts. 

The propulsion subsystem development tes t s  will be performed on both 

subsystem and assembly levels. F o r  example, tes t  f i r ings of thrustor  

modules under simulated altitude conditions will be required to verify 

adequate protection against heat soak back, thermal  effects on adjacent 

s t ructure,  and exhaust contamination. Subsystem level nonfiring thermal  

vacuum tes t s  will be required to ver ify heater  adequacy and electr ical  loads. 



The high-thrust sys tem development tes t s  will consist  of a complete 

subsystem installation which will be hot-fired af te r  prel.iminaz-y checkout 

fo r  a s e r i e s  of duty cycles. The testing will include procedure development 

tasks to ensure  that loading, resupply, decontamination, and repair  can be 

performed on-orbit with a minimum crew involvement. The subsystem 

tests  anticipated can readily b e  conducted a t  the Sacramento Tes t  Center 

Gamma facility. Vacuum testing of the complete subsystem i s  not 

anticipated. 

The low-thrust system development tes t s  will be s imi lar  to those discussed 

fo r  the high-thrust. If practical,  integration with the EC/LS subsystem 

i s  desirable;  however, the worth of such testing can only be determined 

af te r  future SRT exploration in  this a r e a  has  been completed. The small  

thrustors  and sa fe r  propellants can possibly allow testing to be done 

in a factory ra ther  than a tes t  a rea .  

Most qualificatioh testing will be conducted a t  the component level with 

combined environments. Subsystem qualification testing will use the 

development tes t  setup, with updated components. Imposed environments 

will be minimized as f a r  a s  pract ical  in favor of seve re  component testing. 



5 . 5  GUIDANCE AND NAVIGATION SUBSYSTEM 
(WBS 2 x 75 x 46) 

5. 5. 1 Summary 

The guidance and navigation (GIN) subsystem provides station navigational 

information to be  used by experiments,  logistics vehicles, experiment mod- 

ules ,  etc. and generates guidance commands fo r  orbit  keeping and maneu- 

ve r s .  The GIN equipment consists of position and velocity sensors ,  

electronics for sensors  and computer interfaces,  and display and control 

elements. 

This 'subsystem i s  i l lustrated in the WBS assembly level  breakdown in 

F igure  5-13. 

(LEVEL 6 )  GUIDANCE AND I NAVIGATION I 

INERTIAL REFERENCE 
UNIT (GYRO PACKAGE) 

(ASSEMBLY GROUPS) 
(LEVEL 6 )  

HORIZON SENSOR 

STAR SENSOR 
(STRAPDOWN) 

CON1 ROL ATTITUDE 
REFERENCE 

STAR TRACKERS 
(GIMBALED) 

NAVIGATION 

SENSOR INTERFACE 
ELECTRONICS 

CONTROL ELECTRONICS 
(JET DRIVERS) 

COMPUTER CMG 'S 
(MSFN GROUND TRACKING) 

CMG ELECTRONICS 

Figure 6-13. Guidance, Navigation, and Control Assembly Breakdown 



Definition 

The task definition of this WBS box i s  contained in  Appendix k 

Cost Assumptions, Ground Rules and Rationale 

 here' a r e  none in addition to those i n  Section 2. 1. 2. 

5. 5. 2 Costs 

5. 5. 2 .  1 Space Station Modules 

Cost Methodology 

The es t imated cos t s  have been developed f r o m  summations  of cost  es t imates  

at  subordinate levels.  The subordinate cost  es t imates  w e r e  developed at  one 

o r  m o r e  levels  below that being reported.  The cos t s  repor ted a t  this level  

include the cost  of integrating the e lements  at  the subordinate levels.  

Cost Es t imate  

The  Total Cost is estimated to be  $6 million, a s  follows: 

DDT&E-It i s  est imated that the DDT&E effort will cost  $5 million, will 

begin 66 months p r io r  to the milestone launch date  of 

October 1980, and will requ i re  52 months fo r  completion. 

Production-It i s  est imated that the production effort  will cost  $1 million, 

will begin 31 months p r io r  to the miles tone launch date  of 

October 1980, and will requ i re  13 months f o r  completion. 

Operations -It i s  est imated that the operation effort will cost  l e s s  than 

$0. 5 million, will begin 19 months p r i o r  to the miles tone launch 

date  of October 1980, and will continue for  12 months. 

Funding Distribution 

F igure  5-14 i s  a summary  cha r t  which highlights the relat ionships of the cost  

es t imates  to technical charac te r i s t i cs  and schedules.  It a lso  presen ts  an 

overview of the funding allocations, both year ly  and cumulatively by Govern- 

ment fis,cal yea r  (midyear  plot). DDT&E funding has  been spread  using a 

60 percent  spread  function, while production funding was spread  at  40 p e r -  

cent, and operations funding is based on a composite spread  function. 
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5. 5. 2. 1. 1 Power/Subsystems Module 

The estimated cost of the guidance and navigation subsystem for  this module 

i s  as follows: 

1972 Dollars iil Millions 

DDT&E Production Operations Total 

5. 5. 2. 1 .2  Crew/Operations Module 

The estimated cost of the guidance and navigation subsystem for  this module 

i s  as  follows : 

1972 Dollars in Millions 

DDT&E Production Operations Tot a1 

0 0 0 0 

5. 5. 2. 1. 3 G P L  Module 

The estimated cost of the guidance and navigation subsystem for  this module 

is as  follows: 

1972 Dollars in Millions 

DDT&E Production Operations Total 

5. 5. 3 Schedule 

The schedule f o r  the Space Station module GIN subsystem i s  shown in 

Figure 5-15. This schedule identifies equivalent subsystem-level equipment 

requirements (Table 5-7) and development activities required to design, tes t ,  

and produce the subsystem. The schedule provides major  milestones,  key 

events, and cr i t ical  actions pertaining to the subsystem. 

The GIN subsystem design engineering s t a r t s  at  Phase  C/D ATP. Major 

subcontractor ATP occurs  8 months into Phase C / D  to establish the design 

requirements and design approach required f o r  Pre l iminary  Design Review 

(PDR). The engineering re lease  (ER) f o r  the GIN subsystem occurs  

27 months af ter  Phase  C/D ATP and i s  3 months p r io r  to the Space Station 

module sys tem E R  final date. 
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Table 5-7 

GUIDANCE, NAVIGATION, AND CONTROL EQUIVALENT 
SUBSYSTEM EQUIPMENT LIST LEGEND 

Develop - Qualifi- Addi - Addi- Oper-  
men t cation tional tional tional 
Tes t  Test  FM to FM FIT to FIT Vehicle Spares  

QU- 1 1. 2 0 .4  

FA- 1 1. 0 

FA- 2 1. 031 

The Crit ical  Design Review (CDR) occurs  2 months before ER. The F i r s t  

Article Configuration Inspection (FACI) i s  performed at the t ime of delivery 

of the flight hardware August 1979. The DDT&E begins with Phase  C/D ATP 

and ends at  qualification tes t  completion in April 1979. 

The manufacturing t ime span begins with the nonqualification units in 

November 1976 and i s  completed with the manufacture of the production units 

for  spa res  in May 1980. One nonqualification unit i s  produced and used in 

development testing (1-year  duration) of the subsystem. Four  months before 

completion of the test ,  approximately 60 percent of the unit is shipped to the 

functional model (FM). A second nonqualification unit i s  shipped directly to I 

the FM upon completion of manufacture. One qualification unit is produced 

fo r  the qualification testing (9-month duration). Three months before com- 

pletion of the qualification test ,  approximately 40 percent of the unit i s  

shipped to the flight integration t o o l ' ( ~ 1 ~ )  for integration and testing. Addi- 

tional testing is performed ear ly  in the development phase at  the component, 

subassembly, and assembly levels. 

The GIN subsystem uses  severa l  unique design approaches in sensing, com- 

puting, and control actuation that requi re  both unique technical capabilities 

and special  attention. Key i tems a r e :  

A. G/N software integration 

B. GIN software development 



C. Maintainable control moment gyro design 

D. Dynamic analysis 

Mechanical designs for  a maintainable CMG a r e  expected to be developed by 

SRT programs.  Integration of CMG's with such design features will require  

special  attention to installation location,' access ,  maintenance procedure, 

and fault isolation. Maintainable CMG1s will feature on-orbit replacement of 

the bearings spin motors  and torques since these components a r e  l i fe  limited. 

Considerable savings in  logistics cost can be anticipated over  a 10-year 

program with this design approach. 

Integration of the GIN computer functions into the subsystem, with the 

accompanying software to per form computation of attitude reference,  navi- 

gation, station attitude control, subsystem self-check, instrument calibra- 

tion, etc. , will require  specialized technical capabilities in digital computer, 

interface,  and software development and integration. The key to success  in 

accomplishing this integration i s  good technical coordination based on sound 

specifications. Potential problems a r e  expected in  the interface compatibil- 

i ty  a reas  both in hardware and software. 

Dynamic analysis and simulation of the Space Station and control sys tem for  

the zero-g  operations will require  special  attention and technical capabilities. 

Detail s t ruc tura l  dynamic character is t ics  of the station will not be available 

ear ly  in the program. The control sys tem design approach must  allow fo r  

adaptation to the eventually defined dynamic character is t ics  of the 'station. 

Analysis capability ear ly  in the program will enhance the confidence in the 

control sys tem design approach. Fa i lure  to per form adequate analysis and 

simulation will i nc rease  the probability of major  design changes and rede- 

sign of the GIN subsystem. 



5 . 6  COMMUNICATIONS SUBSYSTEM (WBS 2 x 75 x 07) 

5.6.  1 Summary 

The Space Station communications subsystem provides: 

A. Space Station/ ground communications 

B. Space Stationlshuttle communications 

C. Space Station/ RAM communications 

It consists of antennas, amplifiers,  rece ivers ,  t ransmi t te rs  with appropriate 

switching and multiplexing units, T V  cameras ,  audio control, etc. This 

subsystem i s  i l lustrated in the WBS assembly level breakdown in 

Figure 5-16. 

Definition 

The task definition of this WBS i s  contained in Appendix A. 

Cost Assumptions, Ground Rules and Rationale 

There a r e  none in addition to those in  Section 2.  1.2 .  
R294 
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Figure 5-16. Communications Subsystem Assembly Group Breakdown 
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5.  6 .2  Costs 

5.6.  2. 1 Space Statiorl Modules 

Cost Methodology 

The estimated costs  have been developed f r o m  summations of cost  es t imates  

at  subordinate levels ,  The subordinate cost estimate8 were  developed at  one 

o r  m o r e  levels below that being reported. The costs  reported a t  thie level 

include the cost of integrating the elements a t  the subordinate levele. 

Cost Estimate 

The tdtal cos t  is estimated to be $59 million, a s  follows: 

DDT&E-It i s  estimated that the DDT&E effort will cost  $39 million, will 

begin 66 months p r io r  to the milestone launch date  of 

October 1980, and will requi re  54 months for  completion. 

Production-It is estimated that the production effort will cost  $10 mi l -  

lion, will begin 35 months p r io r  to the milestone launch date  of 

October 1980, and will requi re  16 months for  completion. 

Operations -It is estimated that the operation effort will cost  $10 mi l -  

lion, will begin 22 months p r io r  to the milestone launch date  of 

October 1980, and will continue fo r  15 months. 

Funding Distribution 

Figure  5-17 i s  a summary  char t  which highlights the relationships of the cost 

es t imates  to technical charac ter i s t ics  and schedules. It also presents  an 

overview of the funding allocations, both yearly and cumulatively by Govern- 

ment f iscal  yea r  (midyear plot). DDT&E funding has  been spread u8ing.a 

60 percent spread function, while production funding was spread at  40 pe r -  

cent, and operations funding i s  based on a composite spread function. 
I 

5 .6 .2 .  1. 1 Power/Subsvstems Module 

The estimated cost  of the communications subsystem for  this module is a s  

follows : 

1972 Dollars in Millions 

DDT&E Production Operations Total 



Fi
gu

re
 5

1
7

. C
om

m
un

ic
at

io
ns

 S
ub

yt
ds

rn
 S

um
- 

C
ha

rt
 



5.6.2.  1.2 Crew/Operations Module 

The estimated coat of the communications subsystem for  this module is a s  

1972 Dollars in  Millions 

DDT&E Production Operations Total' 

5.6. 2. 1. 3  G P L  Module 

The estimated cost of the communications subsystem f o r  this module is a s  

follows : 

1972 Dollars in  Millions 

DDT&E Production Operations .- Total 

5 .  6 . 3  Schedule 

The schedule for the Space Station module communications subsystem is 

shown in Figure 5- 18. This schedule identifies equivalent subsystem level 

equipment requirements (Table 5-8) and development activities required to  

design, test ,  and produce the subsystem. The schedule provides ma jo r  

mi les  tones, key events , and cr i t ical  actions related to the subsystem. 

The communications design engineering will s t a r t  at  Phase  C/D ATP. Major 

subcontractor ATP occurs  9 months into Phase  C/D to establish the design 

requirements and design approach required fo r  Pre l iminary  Design Review 

(PDR). The ER f o r  the communications subsystem occurs  24 months af ter  

Phase  C/D ATP, and is 6  months before the Space Station Modules sys tem ER 

final date. The CDR occurs  2 months before ER.  The FACI is performed 

at the t ime of delivery of the flight hardware in August 1979. The DDT&E 

begins with Phase  C/D ATP design and ends at  qualification t e s t  completion 

in  April 1979. 

The manufacturing t ime span begins with the nonqualification units in 

November 1976 and i s  completed with the manufacture of the production units 

fo r  spa res  in May 1980. One nonqualification unit i s  produced and used in 
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Table 5-8 

COMMUNICATIONS EQUIVALENT SUBSYSTEM EQUIPMENT 
LIST LEGEND 

Develop - Qualifi - Addi - Addi- Opera- 
ment cation . tional tional tional 
Test Test FM to F M  FIT to FIT Vehicle Spares 

QU- 1 

QU-2 

FA- 1 

FA- 2 

development testing of the subsystem for a 12-month period. At the end of 

8 months of the test 80 percent of the unit i s  then delivered to the functional 

module. A second nonqualification unit (0.2 equivalent) i s  shipped directly 

to the FM upon completion of manufacture. One qualification unit i s  pro- 

duced for the qualification testing of 9 -months duration. Three months 

before completion of the qualification test, approximately 80 percent of the 

unit i s  shipped to the flight integration tool (FIT) for integration and testing. 

Additional testing i s  performed early in the development phase at the c o m -  

ponent, subassembly, and assembly levels. 

The mission requirements for the Space Station have imposed reliability 

levels on the communications subsystem which are,  in many cases, several 

orders  of magnitude greater than previously encountered. To meet these 

requirements, it will be necessary to apply all of the known techniques for  

the design and production of reliable equipment and in many cases extend 

these techniques to that which will be available in the 1975 to 1980 time 

period. In certain areas,  this will require technology investigations to 

extend the state of the a r t  and provisions for  achieving the necessary reli- 

ability levels. 



The high-gain antenna sys tem which i s  located externally is  particularly 

important. The high-gain positioner contains electromechanical and mech- 

anical components that a r e  quite susceptible to failure. In addition, the 

Ku-band R F  equipment is located externally at the end of the antenna mast. 

According to preliminary estimates of the assembly-level operational mean- 

time-between-failure, the Ku-band transmitters used as the primary com- 

munications link from the Space Station to the relay satellite appear to have 

the highest failure rate. Effort should be initiated early to ensure that 

higher reliability components will be available. 

There a r e  several elements of the communications subsystem which have 

unique testing and installation requirements; one such is the high-gain 

antenna assembly. It i s  not feasible to perform operational tests of the 

complete high-gain antenna assembly after it  has been installed on the Space 

Station. Therefore, i t  will be necessary to verify system performance and 

perform simulated operational-procedure tests at subcontractor facilities. 

The flight hardware would be mated to the flight vehicle at the launch site. 

This procedure was used during the Apollo Program to mate the high-gain 

antenna system to the service module. 

To verify the omnidirectional antenna radiation patterns, either a full-scale 

o r  a partial-scale vehicle model must be provided and the patterns cut on an 

antenna range. This model must accurately reflect the outboard vehicle 

profile in all respects to perform valid tests. The- capability to perform this 

type of testing exists within MDAC-WD. 

In addition to the R F  system (excluding the antennas) and onboard telephone 

system development testing, extensive integration testing to verify compat- 

ibility with the other vehicle subsystems will be required during the func- 

tional model (FM) and flight integration tool (FIT) tests. 

Before preparing f i rm specifications, the performance requirements and 

characteris tics of the other interfacing program elements must be firmly 

defined. This includes the shuttle, f ree  -flying experiment modules, and the 



data relay satellite. The transmitter power output, receiver sensitivity, 

and antenna system gain are all affected by the performance requirements 

and characteristics of the other program elements. In addition, the inter- 

faces and characteristics of the other vehicle eubsystems must be firmly 

es tablished. 



5 . 7  DATA MANAGEMENT SUBSYSTEM (WBS 2 x 75 x 47) 

5. 7. 1 Summary 

The data management subsystem consists of all the necessary equipment to  

transfer,  s tore ,  and process  data to and f rom u s e r s  and subsystems. I t  i s  

a modularized mult iprocessor  specifically consisting of processors ,  memory 

s torage units, switching units, peripheral devices, data adapters, coders,  

decoders, t ime synchronous generator,  film scanners  and reducers ,  analog 

tape storage, s ea rch  and control equipment, signal conditioning and demod- 

ulation equipment, and entertainment units. 

This subsys t em is i l lustrated in the WBS as  sembly-level breakdown in  

Figure 5- 19. 

Definition 

The task definition of this WBS box i s  contained in  Appendix A. 

Cost Assumptions, Ground Rules and Rationale 

There a r e  none in addition to those in Section 2.  1.2. 

5. 7 . 2  Costs 

5. 7 . 2 .  1 Space Station Modules 

Cost Methodology 

The estimated cos ts  have been developed from summations of cos t  es t imates  

a t  subordinate levels,  The subordinate cos t  estimates were  developed a t  one 

o r  more  levels below that being reported. The costs  reported a t  this level 

include the cos t  of integrating the elements a t  the subordinate levels. 

Cost Est imate 

The total cost  is estimated to be $99 million, as  follows: 

DDT&E-It is estimated that the DDT&E effort will cos t  $7 1 million, 

will  begin 66 months prior to the milestone launch date of 

October 1980, and will require  54 months for completion. 

Production-It i s  estimated that the production effort will cos t  $14 mil-  

lion, will  begin 37 months prior to the milestone launch date of 

October 1980, and will require  18 months for completion. 
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Operations-It is est imated that the operation effort will cos t  $14 mil-  

lion, will begin 22 months pr ior  to the milestone launch date of 

October 1980, and will continue for  3 1 months. 

Funding Distribution - 
Figure 5-20 i s  a summary  cha r t  which highlights the relationships of the cos t  

es t imates  to technical charac ter i s t ics  and schedules. It a l so  presents an 

overview of the funding allocations, both yearly and cumulatively by Govern- 

ment  f iscal  yea r  (midyear plot). DDT&E funding has  been spread  using a 

60 percent spread  function, while production funding was spread a t  40 per- 

cent, and operations funding is based on a composite spread function. 

5. 7.2. 1. 1 Power/Subsystems Module 

The estimated c o s t  of the data management subsystem for this module i s  as. 

follows : 
1972 Dollars in  Millions 

DDT&E Production Operations Total 

14 3 3 20 

5. 7. 2. 1. 2 Crew/Operations Module 

The estimated cost of the data  management subsystem for  this module i s  as  

follows: 

1972 Dollars in Millions 

DDT&E Production Ope rations Total 

5. 7. 2. 1. 3 G P L  Module 

The estimated cost of the data  management subsystem for  this module is as 

follows : 

1972 Dollars in Millions 

DDT&E production Operations Total 

36 7 7 5 0 

5. 7. 3 Schedule 

The schedule for  the Space Station module DMS i s  shown in Figure 5-2 1. 

This schedule identifies equivalent subsystem-level equipment requirements 

(Table 5-9) and development activities required to design, test ,  and produce 

the subsys tern. 
60 



Fi
gu

re
 5

2
0

. D
at

a 
M

an
ag

em
en

t S
ub

sy
st

em
 S

um
m

ar
y 

C
ha

rt
 

m
D

 
- 

m
u

-l
la

a
r

 
R

l
O

O
T

~
0

1
 

1=
3 

8
3
 

* 
P:

 
I L

.
 

: 
z
.
 

0
.

 
I 5 

e>
 

0
'

 

5
2

. 
D

,
 

0
 L 

I>
 

L A 

#..
em

 
d

. .... 
a
..
Ib

..
.-

e
..
."

(r
l"

C
IC

C
C

..
n

 

a
 

.:...+
 ..

.. 4
 ....
 4,l

r
.
.
l
r
-
.
.
 

r
.
"
.
r
-
l
r
d

d
-
.
d

 

n
 

*..
.. L

 .... 
.. ....

 *..
 .
.
.
.
.
.
.
&

.
.
.
l
&

.
.
*
 

/ 
m

M
 

d
~

~
n

i
c

+
~

~
~

~
~

+
*

d
~

n
!

 
m

.r
 

6.: 
27

.9
 

w
.0

 
m

.e
 n

.2
 

n
.7

 
n

.7
 
n
.2

 
n

.2
 n

.7
 

n
.9

 
n
.7

 
TI
.?
 

n
.2

 
n
.7

 
n
.7

 
P
W
D
 

.: 
-2

 
.: 1

2
.5

 
13

.C
 1

J.
f 

1
s

t
 1

3
.E

 1
3
.F

 1
J.

C
 1

5
f

 I
S

C
 I

S
C

 1
S

C
 I

S
r

 1
l.

C
 

om
 

.: 
.: 

.: 
.I

 
5.

7 
1
1
.e

 
1
r.

2
 

14
.2

 
1
4
.7

 
1
4
.2

 
14

.7
 

1
4
.2

 
14
.s
 

w
-r

 H
-P

 1
4.

7 
> 

m
u
 

5.:
 
0
.
"
 t4
.8
 
e2.
2 

9z
.s

 
w

.4
 
w.
: 
w.
: 

w
.5

 
OD
.:
 
r)
.:
 

m
.t
 

m
e

 m
.: 

sa
: 

orc
: 

- 



M
A

N
U

F
A

C
T

U
R

IN
G

 (
D

E
V

E
L

O
P

M
E

N
T

) 

rn
 

N
 

T
E

S
T

 
-
 S

U
B

A
S

S
E

M
B

L
Y

. C
O

M
P

O
N

E
N

T
 C

A
L

E
N

D
A

R
Y

E
A

R
( 

19
75

 
1 

19
76

 
1 

19
77

 
1 

19
78

 
1 

19
79

 
1 

19
60

 
1 

1-1
 

1 
19

62
 

1 

F
ig

u
re

 5
-2

1.
 D

at
a 

M
an

ag
em

en
t S

ub
sy

st
em

 S
ch

ed
ul

e 
(I

S
S

 O
n

ly
) 



DATA MANAGEMENT EQUIVALENT SUBSYSTEM EQUIPMENT 
LIST LEGEND (ISS ONLY) 

Develop - Qualifi - Addi - Addi- Opera-  
ment cation tional tional tional 
Test  Test FM to FM FIT to FIT Vehicle Spares 

NQU - 1 0 . 4  0 . 9  

NQU' -2 0 .7  

QU- 1 

Q U - 2  
. . 

FA- 1 1 . 0  . 

FA- 2 1.610 

The DMS design engineering s t a r t s  at Phase  c/D. The major  subcontractor 

ATP occurs  7 months into Phase  C/D in o r d e r  to establish the design 

requirements and design approach required for  PDR. The engineering 

re lease  for  the DMS occurs  30 months af ter  Phase  C/D ATP and i s  coincident 

with the final Space Station Modules system ER date. The CDR occurs 

2 months before ER. The FACI i s  performed at the t ime of delivery of the 

flight hardware October 1979. The DDT&E begins with Phase C/D ATP and 

ends at qualification tes t  completion July 1979. 

The manufacturing t ime span begins with the nonqualification units in 

December 1979 and i s  completed with the manufacture of the qualification 

units for  spa res  in May 1980. Two nonqualification units a r e  produced. One 

i s  utilized in development testing (13-month duration) of the subsystem. 

Three  months before completion 20 percent of the unit i s  shipped to the func- 

tional model. The second nonqualification unit i s  shipped directly to the 

functional model upon completion of manufacture. One qualification unit i s  

produced for  the qualification testing (1 1 -month duration). Three months 

before completion of the qualification tes t  20 percent of the unit i s  shipped to 

the FIT for integration and testing. A second unit (0.8 equivalent) i s  

produced and shipped directly to the FIT 2 months before the f i r s t  unit. 

Additional testing i s  performed ear ly in the development phase at the com- 

ponent, subassembly, and assembly levels. 



The development of special computation equipment (computer hardware) 

requires  a different approach f r o m  that accorded other  equipment. Consid- 

eration must  f i r s t  be given to the software interface,  since the two a r e  in te r -  

dependent in providing a functioning subsys tem. 

Although hardwarelsoftware design should proceed in a somewhat parallel  

fashion,. ear ly  definition of the hardware character is t ics  must  f i r s t  be estab- 

lished to allow software development. Character is t ics  such as  subsys tem 

archi tecture;  operating and control procedures;  instruction repertoire;  and 

parameters  such a s  t ime delays,  instruction word formats  and lengths, and 

instruction execution t ime must  therefore be f i rmly controlled s o  a s  not to 

invalidate this development. This also implies that subsystem simulations 

and modeling activities required to develop charac ter i s  t ics such as queue 

lengths, t ime delays, and data  ra tes  must  also be performed at an ear ly  

date. 

A second consideration (which i s  an outgrowth of the f i r s t )  requires  that 

standardization of at leas t  some of these character is t ics  be established f o r  

both ground as  well a s  Space Station Modules system equipment. This i s  

required to allow develop'ment of the software during the design phase and 

compatibility during the operational phase. The resul t  of these considera- 

tions i s  tbat computer hardware definition must  be controlled at an ear ly 

development stage compared to other equipment, for  grea ter  effort must  be 

expended to achieve an equivalent design status.  

Verification of the data  bus concept will require special development empha- 

s i s .  The concept of a data bus i s  not new: .computer subsystems have used 

the technique for  yea r s  and many study contracts,  including simulations, 

have been performed. However, the dependence of the Space Station systems 

on the distribution system, and the l a rge  number of devices and their 

resultant composite data  rates ,  require  additional verification of the tech- 

nique's acceptability before and during Phase  C/D. 

Improved definition of imagery requirements will require  special attention. 

The ear ly  specification re lease  data will be predicated on obtaining improved 

processing requirements f rom additional experiment definition. There  i s  

also a ve ry  desirable  optical o r  spatial  processing technique presently in the 

laboratory stage, which, if  developed, would be preferentially employed on 

the Space Station. 
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5 .8  CREW HABITABILITY SUBSYSTEM (WBS 2 X 75 X 59) 

5. 8. 1. Summary  

The  crew,, habitabil i ty and protect ion subsys t em (CH&PS) ~ r o v i d e s  fac i l i t ies  

and equipment f o r  the c r e w  housing and living. It includes the  equipment 

and faci l i t ies  fo r  rec rea t ion ,  exe r c i s e ,  lighting, dining, hygiene,  medical  

c a r e ,  food, food s t o r age ,  radia t ion and meteoroid  protection,  damage  con- 

t r o l  and safety,  c r e w  living and s leeping qua r t e r s ,  and space  su i t s .  

The  WBS a s semb ly  l eve l  breakdown f o r  this  subsys tem i s  i l lus t ra ted  in 

F i g u r e  5-22. 

Definition 

.The task definition of this  WBS box i s  contained in Appendix A. 

Cos t  A s s u m ~ t i o n s ,  Ground Rules and Rationale 
- - - -- 

T h e r e  a r e  none in  addition t o  those  d i scussed  in Section 2 .  1. 2.  

5 .  8. 2 Costs  

5 .  8. 2. 1 Space Station Modules 

Cost  Methodology 

The  es t imated cos t s  have .been  developed f r o m  summations  of cos't e s t ima t e s  

a t  subordinate l eve l s .  The  subordinate  cos t  e s t imates  we re  developed a t  one 

o r  m o r e  levels  below that  being repor ted .  The cos t s  repor ted  a t  this  level  

include the cos t  of in tegra t ing the  e lements  a t  the subordinate  l eve l s , .  

Cost  Es t imate  

The total cos t ,  e s t imated  t o  be $27. 4 million, i s  broken down a s  follows: 

DDT&E -It i s  e s t imated  that  the DDT&E effort  will cos t  $14. 7 million, 

will begin 66 months p r i o r  to  the miles tone launch date  of 

October 1980, and wil l  r equ i r$  58 months fo r  completion.  
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Production-It i s  estimated that the production effort will cost $6. 8 mil- 

lion, will begin 32 months prior  to the milestone launch 

date of October 1980, and will require 14 months for  

completion. 

Operations-It i s  estimated that the operation effort will cost $5.9 mil- 

lion, will begin 21 months prior  to the milestone launch 

date of October 1980, and will continue for  20 months. 

Funding Distribution 

Figure 5 -23 i s  a summary chart which highlights the relationships of the 

cost estimates to technical characteristics and schedules. It also presents 

an overview of the funding allocations, both yearly and cumulatively by 

Government fiscal year (midyear plot). DDT&E funding has been spread 

using a 60 percent spread function, while production funding was spread a t  

40 percent, and operations funding i s  based on a composite spread function. 

5 .  8.2. 1. 1 Power/ Subsvs tems Module 

The estimated cost of the crew habitability subsystem for this module i s  a s  

follows : 

1972 Dollars in Millions 

DDT&E Production Operations Total - 

5. 8.2. 1.2 Crew/Operations Module 

The estimated cost of the crew habitability subsystem for  this module i s  a s  

follows : 

1972 Dollars in Millions 

DDT&E Production Operations Total - 





5. 8.2. 1. 3 GPL Module 

The estimated cost of the crew habitability subsystem for this module i s  as  

follows: 

1972 Dollars in Millions 

DDT&E Production Operations Total - 

5. 8. 3 Schedule 

The schedule for the Space Station module CH&PS i s  shown in Figure 5-24. 

This schedule identifies equivalent subs ystem-level equipment (Table 5- 10) 

and development activities required to design, test,  and produce the sub- 

sys tern. The schedule provides major miles tones, key events, and critical 

actions pertaining to the subsys tern. 

CH&PS design engineering s tar ts  a t  Phase C/D ATP. The major subcon- 

t ractor  ATP occurs 9 months into Phase C/D in order  to establish the design 

requirements and design approach r e q ~ i r e d  for PDR. The engineering 

release for the CH&PS occurs 27 months after Phase C/D A T P  and 3 months 

prior  to the final Space Station module system E R  date. The CDR occurs 

2 months before ER and FACI i s  performed a t  the delivery of the flight hard- 

ware in October 1979. The DDT&E begins with Phase C/D ATP and ends a t  

qualification test  completion in August 1979. 

The manufacturing time span begins with the nonqualification units in 

October 1976 and i s  completed with the manufacture of the production units 

for spares in  May 1980. One nonqualification unit i s  produced and used in 

subsystem development testing (1-year duration). Four months prior  to the 

completion of the test, 10 percent of the unit is shipped to the functional 

model and one qualification unit i s  produced for  the qualification testing 

(1 0-month duration). Three months prior  to completion of the qualification 

test, 20 percent of the unit i s  shipped to the FIT for  integration and testing. 

A second qualification unit (0. 7 equivalent) i s  shipped to  the FIT upon com- 

pletion of manufacture. Additional testing i s  performed early in the 

development phase at the component, subassembly, and assembly levels. 
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Table 5- 10 

CREW HABITABILITY AND P.%OTECTION EQUIVALENT 
SUBSYSTEM EQUIPMENT LEGEND 

Develop- Qualifi- A ddi - Addi- Opera- 
ment cation tional tional tional 
Test  Test  F M  to F M  FIT to  FIT Vehicle Spares 

QU- 1 

QU-2 

To develop a CH&PS which will be optimum in zero gravity, a wide diversity 

of technology is  required. It will be necessary to apply all of the known 

techniques for the design and production of reliable equipment and in many 

cases extend these techniques to that which will be available in the 

1975-to-1980 time period. In certain a reas ,  this will require technology 

investigations to extend the state of the a r t  and to achieve the necessary 

reliability levels, particularly in accommodating female crew members 

and scientists. 

The key problems at the assembly level a r e  the development of i tems such 

a s  a highly efficient and reliable microwave and infrared oven; food f reezer  

and refrigerator; dishwasher and dryer;  full-body shower; zero-g sink; 

laundry washer and dryer;  t r a sh  processor and compactor; devices for 

detection, warning, and repair of meteoroid damage; f i re  detection, warn- 

ing, and extinguishing units; and dispensary equipment for  the diagnosis and 

treatment of injuries, i l lnesses, and dental emergencies. These items 

represent potential development difficulties and will require SRT funding. 



There a r e  several  assemblies of the CH&PS which have unique testing 

requirements a s  a result  of the high reliability levels imposed upon the 

electromechanical, electrical, mechanical, pneumatic, and hydraulic 

components which a r e  susceptible to failure. It i s  not feasible to perform 

operational tests  of all CH&PS assemblies after installation in the Space 

Station. Therefore, i t  will be necessary to verify subsystem performance 

and to perform simulated operational procedural tests  a t  the subcontractor's 

facilities. In addition to the individual assembly tests ,  extensive compati- 

bility tests  of various assemblies integrated with each other and with the 

ECILS subsystem a r e  required pr ior  to final qualification of the CH&PS 

assemblies. 

To achieve these integrated CH&PS tests  with a simulated installation, the 

special, full- scale, two-deck simulated EC /LS subsystem test  model will be 

used a s  a combined CH&PS tes t  bed with the EC/LS subsystem. This test  

bed will contain complete-EC/LS subsystem and CH&PS and will be used to 

verify the design and to fdnctionally qualify the subsystems for  inclusion on 

the flight article. 

Unique installation requirements exist for the 30-day supplies of food 

required initially with the Initial Space Station and the 30-day supplies plus 

the 30-day back-up supplies delivered to the Space Station on orbit by the 

LOG M's to support each crewman. Tes ts  simulating food environmental 

conditions and elapsed time between installation and launch will be performed 

a t  the subcontractor1 s food- processing facility. 



5.9 STABILIZATION AND ATTITUDE CONTROL SUBSYSTEM 
(WBS 2 x 75 x 56) 

5.9. 1 Summary 

The stabilization and attitude control subsystem functions to: 

A. Generate attitude reference information for attitude control, 

experiments, communications, and guidance and navigation. 

B. Provide all attitude capability. 

C. Generate commands to reaction jets for attitude and translation 

control. 

D. Maintain station orientation, nominally trimmed horizontal (Y). 

It i s  composed of attitude and ra te  sensors;  electronics for sensor,  com- 

puter, experiments, and reaction jet interfaces; display and control 

elements ; and control moment gyros. It utilizes the computation capability 

of the data management subsystem. 

This subsystem i s  illustrated in combination with the guidance and naviga- 

tion subsystem in Section 5.5. 

Definition 

The task definition of this WBS box i s  contained in Appendix A. 

Cost Assumptions, Ground Rules and Rationale 

There a r e  none in addition to  those in Section 2. 1.2. 

5.9.2 Costs 

5.9.2. 1 Space Station Modules 

Cost Methodology 

The estimated costs have been developed f rom summations of cost estimates 

at subordinate levels. The subordinate cost estimates were developed at one 



or  more levels below that being reported. The costs reported a t  this level 

include the cost of integrating the elements a t  the subordinate levels. 

Cost Estimate 

The total cost, estimated to be $67 million, i s  broken down a s  follows: 

DDT&E-It i s  estimated that the DDT&E effort will cost $29. 1 million, 

will begin 66 months prior  to the milestone launch date of 

October '1980, and will ~ e ~ u i r e . 5 3  months for completion. 

Production-It i s  estimated that the production effort will cost 

$15. 9 million, will begin 3 4  months prior  to  the milestone 

launch date of October 1980, and will require 17 months for 

completion. 

Operations -It is  estimated that the operations effort will cost 

$22. 1 million, will begin 20 months prior to the milestone 

launch date of October 1980, and will continue for 12 months. 

Funding Distribution 

Figure 5-25 is  a summary chart  which highlights the relationships of the 

cost estimates to technical characteristics and schedules. It also presents 

.an overview of the funding allocations, both yearly and cumulatively by 

Government fiscal year (midyear plot). DDT&E funding has been spread 

using a 60 percent spread function, while production funding was spread a t  

40 percent, and operations funding i s  based on a composite spread function. 

5.9.2. 1.1 Power/ Subsystems Module 

The estimated cost of the stabilization and attitude control subsystem for 

this module i s  a s  follows: 

1972 Dollars in Millions 

Production Operations Total - 
3  4 3 3  
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5. 9.2. 1.2 Crew/ Operations Module 

The estimated cost  of the stabilization and attitude control  subsystem f o r  

this   nodule i s  a s  follows: 

1972 Dollars in Millions 

DDT&E Production Operations Total 

5. 9. 2. 1. 3 G P L  Module 

The estimated cost  of the stabilization and' attitude control  subsys tem for  

this module i s  a s  follows: 

1972 Dollars  in "Millions 

DDT&E Production Operations Total  

5. 9. 3 Schedule 

The write-up for this schedule has  been combined with that of the guidance 

and navigation subsystem (Subsection 5. 5, 3) .  The schedule for the stabil iza- 

tion and attitude control  subsystem i s  shown in Figure  5-26. 



S
T

A
B

IL
IZ

A
T

IO
N

 A
N

D
 A

T
T

IT
U

D
E

 C
O

N
TR

O
L 

S
U

B
S

Y
S

TE
M

 

M
A

N
U

F
A

C
T

U
R

IN
G

 (D
E

V
E

L
O

P
M

E
N

T
) 

T
E

S
T

 
-
 S

U
B

A
S

S
E

M
B

L
Y

, C
O

M
P

O
N

E
N

T
 

Fi
gu

re
 5

2
6

. S
ta

b
ili

za
tio

n
 a

nd
 A

tt
it

u
d

e 
C

o
n

tr
o

l S
ub

sy
st

em
 S

ch
ed

ul
e 

(IS
S

 O
n

ly
) 



5 .10  ONBOARD CHECKOUT AND FAULT ISOLATION SUBSYSTEM 
(WBS 2 x 75 x 57) 

5. 10. 1 Summary 

The Space Station onboard checkout subsystein (OCS) includes the equipment 

required for  inflight checkout and fault isolation of subsystems and experi-  

ments ,  

It consists pr imari ly of remote data acquisition units, t ransceivers ,  data 

terminals ,  display control equipment, and independent caution and warning 

system and some special tes t  equipment. It utilizes the compilation capa- 

bility of the data management subsystem. To a large extent, this equipment 

has design commonality o r  is integrated with other onboard hardware and 

software. 

This subsystem is illustrated in the WBS assembly level breakdown in  

Figure 5-27. 

LOCAL CAUTION AND 
WARNING UNlT  
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REMOTE DATA ACQUISI- 
TION UNIT ( W S )  

(LEVEL 

DIGITAL DATA TERMINAL 
fDMS) 

ONBOARD CHECKOUT 
AND FAULT 
ISOLATION 

DIGITAL DATA BUS (DMS) 

ANCILLARY TEST EQUIP- 
MENT (GPL) 

(ASSEMBLY GROUPS) 
(LEVEL 6) I 

I I I 1 

STIMULI GENERATION UNIT CENTRAL CONTROL (DMS) 
STATIONS (DMS) 

REMOTE DATA ACQUISI- 
TION UNIT (DMS) FOR PORTABLE CONTROL AND 
COMMANDS) DISPLAY UNIT (DMS) 

ANCILLARY TEST EQUIP- CHECKOUT SOFTWARE 
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Figure 5-27. Onboard Checkout and Fault Isolation Subsystem Assembly Breakdown 
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Definition 

The task definition for this WBS box is contained in Appendix A 

Cost Assumptions, Ground Rulee and Rationale 

There a r e  none in addition to those in Section 2. 1. 2. 

5. 10. 2 Costs 

5 .  10. 2. 1 Space Station Modules 

Cost Methodology 

The estimated costs have been developed f rom summations of cost est imates 

at  subordinate levels. The subordinate cost est imates were developed a t  one 

or  more  levels below that being reported. The costs reported at  this level 

include the cost of integrating the elements at  the subordinate levels. 

Cost Estimate 
-- -- 

The total cost, estimated to be $23 million, i s  broken down as  follows: 

DDT&E-It i s  estimated that the DDT&E effort will cost $16 million, 

will begin 66 months pr ior  to the milestone launch date of 

October 1980, and will require 53 months for completion. 

Production-It i s  estimated that the production effort will cost $4 million, 

will begin 36 months prior  to the milestone launch date of 

October 1980, and will require 15 months for completion. 

Operations-It i s  estimated that the operations effort will cost $3  million, 

will begin 24 months pr ior  to  the milestone launch date of 

October 1980, and will continue for 18 months. 

Funding Distribution 

Figure 5 - ? S  i s  a summary chart  which highlights the relationships of the. cost 

estimates to technical character is t ics  and schedules. It also presents an 

overview of the funding allocations, both yearly and cumulatively by Govern- 

ment fiscal year (midyear plot). DDT&E funding has been spread using a 

60 percent spread function, while production funding was spread at 40 per-  

cent, and operations funding i s  based on a composite spread function. 
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5. 10. 2. 1. 1 Power/Subsyatems Module 

The estimated cost of the onboard checkout and fault isolation subsystem 

for this module i s  a s  follows: 

1972 Dollars in Millions 

DDT&E Production 

5 1 

Operations 

1 

Total 

7 

5. 10. 2. 1. 2 Crew/Operations Module . . 

The estimated cost of the onboard checkout and fault isolation subsystem 

for this module i s  as  follows: 

1972 Dollars in Millions 

DDT&E Production Operations 

5 1 1 

Total 

7 

5. 10. 2 .  1. 3 G P L  Module 

The estimated cost of the onboard checkout and fault isolation subsystem 

for this module i s  a s  follows: 

1972 Dollars in Millions 

DDT&E Production Operations Total 

6 2 1 9 

5. 10. 3 Schedule 

The schedule for development of the OCS is  shown in Figure 5-29. This 

schedule identifies equivalent subsystein-level equipment (Table 5- 11) and 

development activities required to design, test,  and produce the subsystem. 

It provides major  milestones, key events, and critical actions pertaining to 

the subsystem. 

The OCS design engineering s tar ts  at  Phase C/D ATP. The major subcon- 

tractor ATP occurs 9 months into Phase C/D in order  to establish the design 

requirements and design approach required for  PDR. The engineering 

release for the OCS occurs 27 months after Phase C/D ATP and 5 months 
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Table 5- 11 

ONBOARD CHECK0 UT AND FAULT ISOLATION EQUIVALENT 
SUBSYSTEM EQUIPMENT LEGEND 

Develop- Qualifi- Addi - Addi- Opera- 
ment . cation tional tional tional 
Tes t  Tes t  F M  to F M  FIT to FIT Vehicle Spares 

NQU- 1 0 .2  

NQU-2 

QU- 1 

QU-2 

FA- 1 

FA-2 

before the final Space Station Modules sys tem ER data. The CDR occurs 

2 months before ER.. FACI is  performed at the t ime of delivery of the 

flight hardware in June 1979. The DDT&E begins with Phase C/D A T P  and 

ends at  qualification t e s t  completion in April  1978. 

The manufacturing t ime span begins with the nonoperational units in October 

1976 and i s  completed with the manufacture of the production units for spares  

in January 1980. 

Two nonqualification units a r e  produced. One i s  utilized in development 

testing (11-month duration) of the subsystem. At the completion of the test, 

i t  i s  then shipped to the functional model (FM).  The second nonqualification 

unit is shipped directly to the FM upon completion of manufacture. One 

qualification unit i s  produced for the qualification testing (10-month duration). 

At the completion of the qualification test ,  it  is shipped to the FIT fo r  

integration and testing. A second unit (0.9 equivalent) i s  produced and 

shipped directly to the FIT 3 months before the f i rs t  unit. Additional testing 

i s  performed ear ly in the development phase at the component, subassembly, 

and assembly levels. 



The OCS is  subjected to an orderly sequence of compatibility devetopment 

tes ts  conducted using the functional model )FM). The FM i s  the pr imary  

engineering tool used for  system-level hardware and software development. 

The testing culminates in the establishment of a n  operational checkout sys  - 
t em which is  then used to  support other F M  development testing, integration, 

and checkout software development activities. 

Key to the development of the OCS i s  i ts  integration with the DMS. The DMS 

capabilities fo r  data acquisition and distribution, computation, data storage, 

displays and controls, command generation, and operating sys tem software 

must be operational p r io r  to any meaningful OCS development testing. 

Following the establishment of the required DMS capabilities, other elements 

unique to  the OCS a r e  added to the FM. These elements include hardware 

required for  st imuli  generation and for caution and warning functions. Inter- 

faces  of a l l  elements within the OCS, a s  well as  OCSIDMS self-test  software, 

a r e  then verified. 

Hardware and software interfaces with the GSE a r e  established and verified.  

The OCS interface with other ISS subsystems is  accomplished in an orderly 

sequence, adding one subsystem interface at  a t ime.  Initial tes ts  a r e  con- 

ducted to verify compatibility between the OCS, subsystems under tes t ,  GSE, 

procedures, and the attendant software programs.  Where interfacing sub- 

systems a r e  not available, either an interface substitute is  provided o r  the 

functions a r e  simulated using software. Compatibility development testing 

with the FM is then continued to develop integrated subsystem checkout 

software and the software required for  acceptance testing, prelaunch check- 

out, and the mission. 

As integral experiments a r e  made available to the FM, these a r e  also inter-  

faced with the OCS and development tes ts  conducted. Once the integrity of 

ISS subsystems i s  established, the OCS experiment interface and checkout 

software development can occur in parallel  with other F M  activities. 



5.11 EXPERIMENT S ~ P P O R T  EQUIPMENT SUBSYSTEM 
(WBS 2 x 75 x 39) 

5.11.1 Summary 

The experiment support equipment subsystem provides the Space Station. 

Modules sys tem with a specific general  purpose capability based on: 

1. Requirements to support the defined experiment program and 

undefined experiments to be conducted during the 5 years  follow- 

ing ISS activation. 

2 .  Requirements to support the operation of the Space Station and its 

subsystems. These facilities will include shops and labs to repa i r ,  

disassemble and assemble and calibrate subsystem equipment. 

3.  Requirements to support. the separately launched experiment 

modules. 

The equipment definition i s  based on identified requirements,  but does not 

necessar i ly  satisfy a l l  of them. When actual support requirements develop, 

the support can be provided by car ry-on  equipment, etc.  Experiment 

support equipment cost baseline includes only the specific capability defined. 

The above experiment support equipment i s  not unique to an individual FPE 

but supports multiple F P E 1 s  a s  well a s  Space Station Modules support require-  

ments. This support equipment i s  not limited to integral experiments. This 

subsystem i s  i l lustrated in the WBS assembly level breakdown in figure 5-30. 

HARD DATA PROCESSING FACILITY 
ELECTRONIC ELECTRICAL LABORATORY 
EXPERIMENT AND TEST ISOLATION LABORATORY 
OPTICAL SCIENCES LABORATORY 
MECHANICAL SCIENCES LABORATORY 
DATA EVALUATION FACILITY 
BIOMEDICAL FACILITY 
BlOSClENCE RESEARCH FACILITY 
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Figure 5-30. Experiment Support Equipment Subsystem Assembly Breakdown 

(LEVEL 5) 
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EQUIPMENT 
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Definition 

The t ask  definition of this WBS box in  contained in Appendix A. 

Cost Assumptions,  Ground Rules and Rationale 

There  a r e  none in  addition to those in Section 2. 1. 2 .  

5 .11.2  Cos ts  

5. 11.2. 1 Space Station ~ o d u l e s  

Cost  Methodology 

The es t imated  cos t s  have been developed f r o m  summations of cost  es t imates  

a t  subordinate levels.  The subordinate cos t  es t imates  were  developed a t  

one o r  m o r e  levels. below that  being reported.  The cos t s  repor ted  a t  th is  

level include the cos t  of integrating the e lements  a t  the subordinate levels .  

Cost Es t imate  

The total cost ,  e s t imated  to  be $30 million, i s  broken down a s  follows: 

DDT&E--It i s  es t imated  that the DDT&E effort will cos t  $15 million, 

will begin 66 months pri'or to the milestone launch r a t e  of 

October 1980, and will requ i re  50 months for  completion. 

Production-It i s  es t imated  that the production effort will cost  

$8 million, will begin 37 months p r i o r  to the milestone launch 

date of October 1980, and will requ i re  13 months for  

completion. 

Operations-It i s  es t imated that the operations effort  will cost  

$7 million, will begin 25 months p r io r  to the milestone launch 

date of October 1980, and will continue for  16 months. 

Fundine Distribution 

F igure  5- 3 1 i s  a s u m m a r y  c h a r t  which highlights the relat ionships ,of the 

cost  es t imates  to technical cha rac t e r i s t i c s  and schedules.  It a l so  presen ts  

an  overview of the funding allocations,  both year ly  and cumulatively by 

Government f iscal  yea r  (midyea r  plot). DDT&E funding has  been spread  

using a 60 percen t  spread  function, while production funding was spread  a t  

40 percent ,  and operations funding i s  based on a composite spread  function. 
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5. 1 1 .2 .  1. 1 Power/Subsystems Module 

The es t imated cost  of the exper iment  support  equipment subsystem for  th is  

 nodule i s  a s  follows: 

1972 Dol lars  in Millions 

DDT&E production Ope ra t ions  Total 
* - 

0 0 0 0 

5. 11.2.  1 .2  Crew/Operat ions  Module 

The es t imated  cost  of the exper iment  support  equipment subsystem for  th is  

module i s  a s  follows: 

1972 Dol lars  in  Millions 

DDT&E Production Operations Total - 
0 0 0 0 

5. 11.2. 1 . 3  G P L  Module 
- - 

The es t imated cos t  of the exper iment  support  equipment subsystem for  th is  

module i s  a s  follows: 

1972 Dol lars  in Millions 

DDT&E Production Operations Total - 

5. 11. 3 Schedule 

The schedule for  the Space s ta t ion  module exper iment  support  equipment sub- 

sys tem i s  shown in F igure  5-32. This  schedule identifies equivalent sub- 

sys tem level equipment (Table 5- 12) and development act ivi t ies  required to 

design, t es t ,  and produce the subsystem.  The schedule.provides major  

milestones,  key events,  and c r i t i ca l  actions re la ted  to  the subsystem.  

The experiment support  equipment subsystem design engineering s t a r t s  a t  

Phase  C / D  ATP.  Major subcontractor  A T P  occu r s  9 months into Phase  C / D  

to es tabl ish  the design requi rements  and design approach requi red  fo r  PDR. 

The E R  for  the G P L  subsystem occu r s  25 months a f te r  Phase  C / D  A T P  and 

5 months before  the Space Station Modules s y s t e m  ER final date. The CDR 
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Table 5-12 

EXPERIMENT SUPPORT EQUIPMENT EQUIVALENT 
SUBSYSTEM EQUIPMENT LEGEND 

Develop- Qualifi- Addi - Addi- Opera-  
ment cation tional tional tional 
Tes t  Tes t  FM to FM FIT  to  FIT Vehicle Spa re s  

NQU- 1 0 .8  .0.6 

QU- 1 

QU-2 

FA- 1 

FA-2 

occurs  2 months before ER. FAG1 i s  pe r fo rmed  a t  the t ime  of delivery of 

the flight hardware  in May 1979. DDT&E begins with Phase  C / D  design and 

ends a t  qualification t e s t  completion in March  1979. 

4 

The manufacturing t ime span begins with the nonoperational units in 

December 1976 and i s  completed with the manufacture of the qualification 

units for s p a r e s  in December  1979. One nonqualification unit i s  produced 

and used in  development test ing (8-months duration) of the subsystem.  

Three months p r i o r  to  the completion of the tes t ,  40 percen t  of the unit i s  

shipped to the functional model. A second nonqualification unit i s  shipped 

directly to the F M  upon completion of manufacture.  One qualification unit i s  

produced for  the qualification test ing (8-month duration).  At the completion 

of the qualification test ,  it is shipped to  the flight integration tool (FIT) for  

integration and testing. A second qualification unit (0. 5 equivalent) i s  

shipped direct ly  to the F I T  upon completion of manufacture.  

The p r i m a r y  c r i t i ca l  i s sue  i s  identification and scheduling of the design of 

the exper iments  and operational equipment. These must  be sufficiently 

t imely so that  the proper  i t ems  of equipment can  be included in the SSM1s 



launches, the equipment can be modified as  necessary for functional opera- 

tion in zero-g conditions, and the operating personnel can be trained to a 

level of proficiency in mockups to ensure adequate performance in space. 

This i s  complicated because the design requirements of the Space Station 

Mbdules system and i ts  subsystems must be approved as a baseline, defining 

the1 resources which will be available to the experiment contractors. To 

meet Space Station Modules system design schedules, much of ESE will be 

based on preliminary experiment design. The problem is  mitigated by ESE 

definition which states that i t  will contain state-of-the -ar t  equipment. Special 

support items will remain within the responsibility of the experiments requir- 

ing their use as  to design, development, operator training, etc. 

Management of the tie-in between the Space Station Modules system ESE sub- 

system design and that of the individual experiments will be more critical and 

complex than experienced on previous programs. Experiment contractors 

must report ESE support requirements early in their design cycle; these 

must be formalized at  the time of experiment PDR. Under the presently 

identified experiment program, there have been no critical issues identified. 



5.12 INSTALLATION AND INTEGRATION SUBSYSTEM (WBS 2 x 75 x 01) 

5. 12. 1 Summarv 

The installation and i.ntegration subsystem provides the following services  

during the production ( recurr ing)  phase only: 

A. Manufacturing 

1. Provide a l l  mater ial  and miscellaneous fabrication for one 

flight ar t ic le  system assembly ( f rom complete subsystem). 

2. Assembly of one flight a r t ic le  (Space Station Modules). 

3.  Provide quality assurance ,  production control, calibration, and 

other support effort for  assembly. 

Definition 

The task definition of this WBS box is contained in Appendix A. 

Cost Assumptions, Ground Rules and Rationale 

There a r e  none in addition to .those in Section 2. 1.2.  

5. 12.2 Costs 

5. 12.2. 1 Space Station Modules 

Cost Methodology 

The estimated costs  have been developed f rom summations of cost es t imates  

at  subordinate ~ leve ls .  The subordinate cost es t imates  were developed a t  one 

or  more levels be'low that being reported. The cos ts  reported a t  this level 

include the cost  of integrating the elements a t  the subordinate levels. 

Cost Estimate 

The total cost,  estimated to be $67 million, i s  production cost.  

It i s  estimated that the production effort will begin 43 months pr ior  to the 

milestone launch date of October 1980, and will require 39 months for  

completion. 



Funding Distribution 

Figure 5- 33 i s  a summary  chart  which highlights the relationships of the 

cost es t imates  to technical charac ter i s t ics  and schedules. It a l so  presents 

an overview of the funding allocations, both yearly and cumulatively by 

Government fiscal yea r  (midyear plot). Production funding was spread a t  

45 percent.  

5. 12.2. 1. 1 Power/ Subsystems Modu1.e 

The estimated cost of the installation and integration subsystem for this 

module i s  a s  follows: 

1972' Dollars in Millions 

DDT&E Production Ope rations Total - 

5. 12.2. 1.2 Crew/ Operations Module 

The estimated cost of the installation and integration subsystem for  this 

module i s  a s  follows: 

1972 Dollars in Millions 

DDT&E Production Ope rations Total - 
0 2 4  0 2 4  

5. 12.2. 1 .3  GPL Module 

The estimated cost of the installation and integration subsystem for  this 

module i s  a s  follows: 

1972 Dollars in Millions 

DDT&E Production Operations Total 

5. 12.3 Schedule (See Space Station Modules sys tem schedule) 

This subsystem provides for production of the following: 

A. All mater ial  and miscellaneous fabrication for one flight system 

assembly (from complete subsystems).  

B. Assembly of one flight a r t ic le  (Space Station module). 
C. Quality assurance ,  production control, calibration, and other support 

effort. 93 
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S P A C E  STATION PROGRAM 

(MODULAR) 

COST ESTIMATING GROUNDRULES 

APPENDIX A 

TASK DESCRIPTIONS 



PPSEQING PAGE BLAlJg H w  

WORM DESCRIPTION 

SPACE STATION PROGRAM 

CONTENTS 

Ti t le  

Space Station P r o g r a m ,  (Modular)  

Space Shuttle Operations (ISS & GSS) (NASA Furnished. Cost Data) 

Space Station Pro jec t  (ISS & GSS) 

Space Station Modules (ISS) 
Space Station Modules Subsystems (ISS) 
Stabilization and Attitude Control  Subsystem 
Buidance and Navigation Subsystem 
Crew Habitability and Protect ion Subs ys t e m  
Propulsion/Subs y s t em 
Data Management Subsystem 
Communications Subsystem 
Onboard Checkout and Fault  Isolation Subsystem 
Elec t r ica l  Power  Subsystem 
St ruc tura l /  Mechanical Subsystem 
Experiment Support Equipment Subsystem 
Integration and Installation 
Environmental  Control/  Life Support Subs ys t e m  

Integral  Exper iments  (Space Station P ro j ec t )  (NASA Furnished 
Cost Data) (ISS) 
Experiment Integration (ISS) 
Logistics Module System (ISS) 
Ground Support Equipment (GSE)(ISS) 

Space Station Modules GSE 
Integral  Exper iment  GSE 
Logist ics Module GSE 
Launch Operations GSE 
Flight Operations GSE 
Test  Article GSE . 

Launch Operations 
Flight Operations 
Tes t  Art ic le  "N" 
System Support 
Faci l i t ies  
Pro jec t  Management 

Research  and Applications Modules Pro jec t  (ISS & GSS) 

Page  - 
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Figure A-1. Work Breakdown Structure for Spco Station Program (Modular) 
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WBS Level 2 

SPACE STATION PROGRAM (MODULAR) 

The Space Station Program consists of a l l  effort defined in the lower level 

boxes of the Space Station Study WBS. Cost of the following i tems ha6 been 

excluded by NASA direction. 

- NASA program management and system support 

- Space Station program portion and use  of the Ground Network and 

synchronous satell i te communication institutional base facilities. 

- Crew training and development, operations and maintenance ,of non- 

flight hardware (computers,  t ra iners ,  simulators,  associated software, 

etc. ) to  be used for  c rew training, simulation and for crew problem 

evaluation. 

The summation of the lower level boxes of the Space Station Study WBS is  

reported in the program cost est imate supplied a t  WBS Level 2. Contractor 

sys tem support and project management a r e  included in lower level WBS 

boxes. The Space Station P r o g r a m  consists of two phases. The Initial Space 

Station (ISS) phase i s  used to describe the f i r s t  five year operational phase 

and the necessary DDTE (including experiments, Space Station Project  and 

RAM Project)  to achieve that capability. GSS (Growth Space Station) phase 

i s  used to describe the second five year  operational phase and the necessary 

additional DDTE to achieve that capability. It i s  assumed for lower level 

costing purposes that the NASA sys tem support and program management 

encompas s the following: 

SYSTEM SUPPORT 

System Support, a t  WBS Level 2 includes a l l  NASA technical, scientific 

and engineering effort for  support of the Space Station Program. It consists 

of technical effort for sys tem engineering and technical direction of the pro-  

gram. The following tasks a r e  included: 

Design, Development, Test  and Engineering 

Provide overall  technical direction, interface resolution between 

projects and technical support. 



Production 

Continued technical direction, verification of compliance with 

requirements,  interface resolution and technical support. 

Operations 

Technical direction of Space Station and RAM operations, resolution of 

experiment interfaces,  review of experiment data and technical 

support. 

PROGRAM MANAGEMENT 

Program Management, a t  WBS Level 2 ,  consists of al l  non-te:chnical NASA 

.management for the Space Station Program. These activities continue 

through DDT &E, Production, and Operations phases. The following types of 

effort a r e  included: 

P rogram Planning and Control 

P rogram Reviews and Direction 

Contract and Financial Management 

Coordination with other government agencies 

The above i tems a r e  not costed in the Space Station Program costs but a r e  

identified so  that lower level boxes will not duplicate these functions. 



WBS 800 

SPACE SHUTTLE OPERATIONS (ISS & GSS) (NASA FURNISHED 
COST DATA) 

Definition 

The Space Shuttle operations effort included in the Space Station Study i s  the 

launch and flight operations cost for al l  flights in  support of the Space Station 

and RAM Projects.  These costs were  supplied by NASA and a r e  currently 
6 identified as  $4. 5 x 10 /flight chargeable to the Space Station Program. This 

i s  based on a fully reusable Shuttle. 

Tasks 

Launch and Flight Operations ( Operations) -the operations cost per  flight 

i s  based on a maximum of 12 launches per  year. Refurbishment, launch 

operations, propellants and spares a r e  included. All launches a re  assumed 

to be f rom KSC. 

Project Management, Sys t em Support and amortized production costs a r e  

excluded per  NASA request. 

The current 10-year Space Station baseline (5346) requires  a total of 

114 shuttle launches a t  an expense of $513 million. 



WBS 200 

SPACE STATION PROJECT (ISS & GSS) 

The Space Station Pro jec t  includes the following flight systems: 

Space Station Modules (ISS -Power /Subsystems No. 1, ~ r e w / O p e r a t i o n s  

No. 1, GPL; GSS-Crew/Operations No. 2, Power/Subsystems No. 2 )  

Integral Experiments 

Logistics Modules (ISS only) 

CrewICargo Modules (GSS only) 

The effort in this project includes a l l  DDT&E, Production and Operations fo r  

the flight sys tems plus related GSE, facilities and t e s t  art icles.  Also 

included a r e  launch and flight operations, management and support tasks. 

NASA P r o g r a m  support (P rogram Management and System Support) and a 

portion of the NASA operations support (crew training, ground network and 

synchronous satell i te operations) costs a r e  not included in the Space Station 

Project  costs  p e r  NASA direction. 

The balance of the NASA operations support (ground crew training, etc. ) a r e  

identified under the launch and flight operations WBS boxes but the costs f o r  

these tasks a r e  excluded p e r  NASA direction. 



WBS 759 

SPACE STATION MODULES (ISS) 

Definition 

The Space Station Modules a r e  the major  sys tem of the Modular Space Station 

Project.  Space Station Modules for  the ISS phase consists of Power/  , 

Subsystems, Crew Operations and General  Purpose Laboratory modules a s  

well a s  sys tem integration (sys tem support, non-recurring t e s t  operations, 

module acceptance testing). Excluded a r e  the additional modules and 

modification equipment required to provide the GSS capability. System sup- 

port ,  t e s t  operations and acceptance testing effort which is common to the 

modules a r e  included in this WBS box a t  Level 4 a s  systems integration. 

This includes sys tem design and development, sys tem testing and acceptance. 

All effort for design, development, tes t  and manufacture of the individual 

subsystems and sys tem level flight a r t ic le  installation and assembly is 

done in the subsystem WBS boxes a t  level 5. 

All design tasks include initial design 13nly. Sustaining Engineeririg i s  

covered in the System Support WBS box. 

Excluded f rom this WBS a r e  the hardware costs  for the Functional Model 

(FM) and the Flight Integration tool (FIT) which a r e  covered in the Tes t  

Article "N" WBS box. However, design effort and t e s t  operations using these 

t e s t  ar t ic les  a r e  included here.  

All work i s  Contractor effort in the DDT&E and Production categories. 

Work Breakdown 

Work Included in this WBS box a t  Level 4 includes the following: 

A. Design, Development, Tes t  and Engineering 
Inon-recurring) 

I. Initial Engineering 

a. Provide sys tem level design through completion of sys tem 

engineering release.  

b. Provide support to  System Support activities, pr imari ly  

in interface design (I&SR/ICD1 s ) .  



c. P r e p a r e  sys tem level development t e s t  requirements,  pro-  

cedures ,  simulation programs,  analysis and reports  

related to integration testing of two o r  m o r e  subsystems 

(hardware and software).  EMI testing i s  included. 

d. P r e p a r e  Space Station modules operating procedures. 

e. Provide Tes t  Art ic le  "N" Design. These a r e  derivatives 

of the Space Station design and a r e  the Functional Model 

and Flight Integration tool. These i tems a r e  described 

in the Tes t  Article "N"'WBS box. The design task i s  

preparation of t e s t  art icle-peculiar FIT arrangement  and 

interconnect drawings and Software programs.  

f. Design of mockups (non-deliverable). 

2. Tes t  Operations 

a. Conduct Space Station System integration testing, software 

development and operating procedure development on the 

Functional Model and FIT including GSE support. 

b. Fabrication and development of design mockups. 

3. Production Planning and Tooling 

a. Provide Space station manufacturing engineering for  tes t  

Article "N" and flight ar t ic le  assembly. 

b. Design and fabricate  tooling (assembly fixtures) and 

production aids. 

c. Provide quality assurance  and other production support 

effort for sys tem tooling. 

d. - Provide sys tem production planning. 

B. Production ( ~ e c u r r i n ~ )  

1. Manufacturing 

a. P e r f o r m  pre-acceptance checkout and acceptance tests .  

SPACE STATION MODULES SUBSYSTEMS (ISS) 

Each of the Space Station's 11 subsystems a r e  described briefly in the fol- 

lowing subsystem WBS boxes. F o r  grea ter  detail, re fer  to the Baseline 

P rogram Document. 

Task Summary, Work Breakdown and other Subsystem information which i s  

common to all i s  provided f o r  the Stabilization and Attitude Control Subsystem 

only and i s  applicable to all  of the subsystems. The quantities of subsystem 

test  ar t ic les  vary and a r e  tabulated in the table on the following page. 
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WBS 75x56 

STABILIZATION AND ATTITUDE CONTROL SUBSYSTEM 

The stabilization and Attitude Control System functions to: 

A. , Generate attitude reference information for  attitude control, 

experiments, communications, and guidance and navigation. 

B. Provide a l l  attitude capability. 

C. Generate commands to  reaction jets for attitude and translation 

control. 

D. Maintain station orientation, nominally trimmed Horizontal (Y). 

It is composed of attitude and ra te  sensors;  electronics for  sensor,  computer, 

experiments, and reaction jet interfaces; display and control elements; and 

control moment gyros. I t  utilizes the computation capability of the Data 

Management Subs ys tem. 

Task Summary 

All effort directly associated with the Stabilization and Attitude Control Sub- 

system pr ior  to integration of the subsystem with other subsystems, exclu- 

sive of sustaining engineering. Included a r e  design, development and 

production of subsystem level STE for development qualification and 

acceptance testing. All costs a r e  considered to  be contractor/subcontractor 

costs. 

Work Breakdown 

A, Design, Development, Test  and Engineering 

1. Initial Engineering 

a. Conduct subsystem design analysis 

b. Provide preliminary subsystem design . 
c. Detail subsystem design through engineering release , 

d. P repare  subsystem development tes t  requirements, prod 

ceduree, analysis and reports  related to development tes t -  

ing of components or  assemblies of the subsystem and 



integration testing a t  the subsystem level. This includes 

subsys t em computer program development 

e. P r e p a r e  subsystem qualification t e s t  requirements,  pro-  

cedures ,  analysis and reports  related to qualification 

testing of components o r  assemblies of the subsystem 

2.  Test  Operations 

a. Manufacture tes t  specimens for  subsystem development 

and qualific ation tests.  

b. Conduct subsystem development and qualification tes t s  

( see  1 (d)  and ( e )  above) 

3. . Production Planning and Tooling 

a. Provide subsystem manufacturing engineering 

b. Design and fabricate tooling, STE, and production aids 

c. Provide quality assurance and other production 

effort for  fabrication of subsystem tooling 

d. Provide subsystem production planning 

B. Production 

1. Manufacturing 

a. Provide a l l  mater ia l  for  one flight a r t ic le  subsystem 

manufacture 

b. Fabricate ,  assemble and acceptance t e s t  one flight ar t ic le  

subsystem, including assemblies ,and components 

c. Provide quality assurance,  production control, calibration 

and other support effort for  subsystem production 

operations (one flight ar t ic le)  

d. Provide spares  for in-plant operations and launch support 

Operations 

a. Provide spa res  for  flight operations. 

NOTE: NOT included in this WBS are:  
. . .  - 

1. Sustaining Engineering (included in System Support) 

2, Production of Equipment for  Test Article "N" and refurbishment 

of development and qualification test  units 

3. System Design 



WBS 75x46 

GUIDANCE AND NAVIGATION SUBSYSTEM 

The guidance and navigation (G/N) subsystem provides station navigational 

infor.mation to be used by experhnents, logistics vehicles, experiment 

,modules, etc. , and generates guidance commands for orbit keeping and 

,maneuvers. The GIN equipment consists of position and velocity sensors,  

electronics for sensors and computer interfaces, and display and control 

elements. 

WBS 75x59 

CREW HABITABILITY AND PROTECTION SUBSYSTEM 
- - -- - - 

This subsys tem provides the facilities and equipment for the crew housing 

and living. It includes the equipment and facilities for  recreation, exercise, 

lighting and dining, hygiene, and medical care,  food, food storage, radiation 

and meteoroid protection, damage control and safety, crew living and sleep-' 

ing quarters ,  and space suits. 

WBS 75x23 

PROPULSION SUBSYSTEM 

This subsystem provides the thrust impulse required to maneuver and posi- 

tion the Space Station in orbit and Station PJRCS i s  comprised of a high- 

thrust bi-propellant system and a low-thrust resistojet system. The 

high- thrus t system provides the final orbit adjustment, maneuvers, scheduled 

disturbances and backup attitude control. The low thrust system will pro- 

vide the orbit keeping and CMG desaturation functions. 



WBS 75x47 

DATA MANAGEMENT SUBSYSTEM 

The data manage.ment subsystem consists of a l l  the necessary equipment to 

t ransfer ,  s tore ,  and process  data to and f r o m  u s e r s  and subsystems. It i s  

a .modularized  multiprocessor specifically consisting of processors ,  memory 

s torage units, switching units, per ipheral  devices, data adapters,  coders ,  

decoders,  t ime synchronous generator,  f i lm scanners  and reducers ,  analog 

tape storage, s ea rch  and control equipment, signal conditioning. and 

demodulation equipment, and entertainment units. 

WBS 75x07 

COMMUNICATIONS SUBSYSTEM 

The Space Station Communications Subsystem provides : 

A. Space Station/Ground Communications 

B. Space StationIShuttle Cammunications 

C. Space StationIRAM Co.munica t ions  

It consists of antennas, amplifiers,  rece ivers ,  t ransmi t te rs  with appropriate 

switching and multiplexing units, TV cameras ,  audio control, etc. center. 



WBS 75x57 

ONBOARD CHECKOUT AND FAULT ISOLATION SUBSYSTEM 

The Space Station Onboard Checkout Subsyste.m includes the equipment 

required for in-flight checkout and fault isolation of subsystems and 

It consists primarily of remote data acquisition units, transmitter/receivers, 

data terminals, display control equipment, and independent caution and 

warning system and same special test equipment. It utilizes the compilation 

capability of the Data Management Subsystem. 

NOTE: To a large extent this equipment has design commonality or i s  inte- 

grated with other onboard hardware and software. 

WBS 75x24 

ELECTRICAL POWER SUBSYSTEM 

The Electrical Power Subsyste,m includes a solar a r ray  power source, 

deployment and orientation mechanisms, energy management equipment, 

storage and regulation equipment, power conditioning equipment and power 

distribution protection and switching assemblies. 



WBS 75x02 

STRUCTURA L~MECHANICAL SUBSYSTEM 

The S t ruc tu ra l /Mechan ica l  Subsys tem includes:  

A. The bas ic  s t r u c t u r e  and a l l  provisions fo r  s t r u c t u r a l  accommo-  

dation of a s i x -man  c rew,  the spacecra f t  subsys t ems ,  and an 

exper iment  p rog ram.  

B. Mechanical  Equipment  requ i red  fo r :  

1. Docking with exper iment  o r  logis t ics  modules  

2. Space Stat ion Acces s ,  including hatches ,  a i r locks  and viewports  

3 .  Antenna and So l a r  A r r a y  Drive  

4. Cargo handling and t r a n s f e r  

5. Ex t raveh icu la r  Activi ty Support  



WBS 75x39  

EXPERIMENT SUPPORT EQUIPMENT SUBSYSTEM 

Thc Expe r i n ~ c n t  suppor t  Equipment subs  ys t em  provides  the Space Station 

sy s t em with a speci f ic  gene ra l  purpose  capabil i ty based on: 

A .  Requirements  t o  suppor t  the defined exper iment  p rog ram and 

undefined exper iments  t o  be conducted during the five yea r s  

following ISS activation.  

B. Requirements  t o  suppor t  the operation of the Space Station and i t s  

subsys tems .  These  faci l i t ies  will include shops  and labs  to r e p a i r ,  

d i s a s semb le  and a s semb le  and ca l ib ra te  subsys t em equipment. 

C. Requirements  to  suppor t  the separa te ly  launched exper iment  

modules.  

The equipment definition i s  based on identified requ i rements ,  but does not 

necessa r i ly  s a t i s fy  a l l  of them. When actual  suppor t  r equ i rements  develop, 

the suppor t  can  be provided by ca r ry -on  equipment, etc.  Exper iment  sup- 

por t  equipment co s t  baseline includes only the speci f ic  capability defined. 

The above exper iment  suppor t  equipment i s  not unique to  an  individual F P E  

but suppor ts  mult iple F P E ' s  a s  well  a s  space  s ta t ion module support  r equ i r e -  

ments .  Th is  suppor t  equipment is  not l imi ted to in tegral  exper iments .  



WBS 75x98 

INTEGRA TION AND INSTALLATION 

A. Product ion ( r e c u r r i n g )  

1. Manufacturing 

a )  Prov ide  a l l  m a t e r i a l  and miscel laneous  fabr ica t ion f o r  one 

flight a r t i c l e  s y s t e m  a s semb ly  ( f rom complete sub-  

sys tems) .  

b) Assembly  of one flight a r t i c l e  ( space  s ta t ion modules) .  

c )  P rov ide  quality a s s u r a n c e ,  production control ,  cal ibrat ion 

and o ther  suppor t  ef for t  f o r  assembly .  

WBS 75x05 

ENVIRONMENTAL CONTROL/LIFE SUPPORT SUBSYSTEM 

The ECLS Subsys tem includes the equipment which provides : 

Atmosphere  Supply and Control  

' Atmosphere  Regeneration 

Atmosphere  Pur i f ica t ion 

Wate r  Management  

Waste Management  

IVA /EVA Equipment 

T h e r m a l  Control  



WBS 499 

INTEGRAL EXPERIMENTS (SPACE STATION PROJECT) (NASA FURNISHE? 
COST DATA) (ISS) 

Integral  Exper iments  cons i s t  of those individual F P E '  s f r o m  the Baseline 

Experiment P r o g r a m  534G which a r e  in tegral  to the Space Station. Exper i -  

ment  support  equipment required to adapt the exper iment  to the Space Station 

Modules is not included. This support  equipment will b e  provided under  the 

Experiment Integration WBS box. 

Task  Summary  

Includes a l l  design and development effort f o r  each  F P E .  

B. Operations 

Includes a l l  effort f o r  refurbishment  updating and integration of 

experimenting to FPE level  subsequent to the init ial  launch. 



WBS 52 

EXPERIMENT INTEGRATION (ISS) 

Definition 

Experiment Integration consis ts  of those tasks  and onboard experiment 

support  equipment required to integrate the integral  exper iments  with the 

Space Station modules.  I t  includes exper iments  launched with the Station 

and those exper iments  planned for  separa te  launch during the operational 

phase. It includes: 

Design integration of in terfaces ,  procedures  and software.  

Exper iment  support  hardware for  adapting exper iments  to the Space 

Station, including development and production effort .  This experiment 

support  equipment i s  unique to  the integration task and the individual 

FPE. 

T e s t  integration using the F I T  

Production integration of flight exper iments  

GSE integration where  required - 

Integration tasks  continuing a f te r  launch of the Space Station Modules will 

utilize the F I T  for  instal lat ion and checkout verification. 

Work Breakdown 

A .  Design, Development, Tes t  and Engineering 

1. Initial Engineering 

a.  Support Interface Analysis and Design Coordination - 
This task a s s u m e s  that a completely defined experiment 

re la ted  interface,  including Experiment Support Equipment, 

Exper iment  Support, and accommodations by the other 

Space Station Subsystems, i s  provided and that this in ter-  

face i s  the bas i s  for the exper iment  design. 

b. Design special  experiment support  equipment flight hard-  

wa re  required to accommodate each experiment.  



c. Provide experiment integration, installation and check- 

out requirements ,  procedures ,  analysis and reports  

related to integration or  development of flight experiment 

equipment with the FIT. 

d. Provide installation and checkout requirements,  pro- 

cedures ,  analysis and reports  related to integration of 

flight experiment equipment with the Space Station p r io r  

to launch and in orbit. 

e. Design special  tes t  equipment and fixtures for experiment 

integration (non-flight hardware).  

2. Tes t  Operations 

a .  Conduct experiment support equipment development and 

qualification tes t s .  

b. Conduct experiment integration activities on the FIT. 

3 .  ~ r o d u c t i o n  Planning and Tooling 

a,. Provide manufacturing engineering for production of 

onboard experiment support equipment and for  installation ' 

and checkout of experiments.  

b. Design and fabricate experiment handling fixtures and 

equipment, 

c. Provide Production Planning. 

B. Production 

1. Manufacture special  onboard experiment support equipment. 

2. Install and checkout the onboard experiments and support 

equipment which a r e  included in the vehicle a t  launch. Conduct 

integrated testing. 

Operations 

No Task - In-orbit  installation of experiment equipment is included in flight 

ope rations. 



WBS 761 

LOGISTICS MODULE SYSTEM (ISS) 

Definition 

The Logistics Module   LO^ M) i s  a sys t em utilized for Shuttle t ranspor t  of 

cargo (exclusive of crewmen) and in-orbit  s torage of consun~ables  in support 

of the Modular Space Station P r o g r a m  during the ISS phase. 

Four  Logistics Modules will be required.  At l ea s t  one remains  in-orbit  

docked to  the ISS, a t  a l l  t imes  a f t e r  ISS activation. 

Task Summarv  

Includes a l l  effort  fo r  design and development of the Log M 

Initial Eng ine,e ring 

Tes t  Operations including two ground tes t  vehicles 

Production planning and tooling 

B. Production 

Includes a l l  effort  to produce and del iver  four Logistics Modules. 

Procurement  

Fabrication,  assembly  and t e s t  

Production support  

Spares  for  in-plant and launch operations use 

C. Operations 

No Task - a l l  effort i s  included in Launch Operations and Flight 

Operations WBS boxes. 



WBS 369 - 
GROUND SUPPORT EQUIPMENT (GSE) (ISS) 

Definition 

This WBS box includes a l l  cos t s  associated with providing GSE for  the 

Space Station Pro jec t ,  including: 

Space Station Modules GSE 

Integral  Exper iments  GSE 

Logist ics Module GSE 

Launch Operations GSE 

Flight Operations GSE 

Tes t  Ar t ic les  GSE 

The GSE fo r  each  of these  sys t ems  i s  descr ibed in the individual WBS boxes. 

The costs  cover  a l l  e f for t  to design,  develop, produce and del iver  the 

required equipment o r  equipment modifications. Operations using the GSE 

a r e  covered in other  t asks .  Al l  GSE cos t s  a r e  considered DDT&E (non- 

recur r ing)  s ince they would not r e c u r  fo r  the launch of a n  additional 

Space Station. 

Tasks  - 
Development Engineering - Includes a l l  engineering effort  fo r  GSE analysis ,  

design,  design support ,  development, tes t ,  manufacturing support ,  and GSE 

checkout o r  acceptance t e s t s .  

Tes t  Operations - Includes a l l  effort  required to conduct development t e s t s  

in support  of GSE design. Such t e s t s  should be minimal.  No qualifications 

testing will be done on GSE. Software development and validations a r e  

included in Space Station Modules (Level  4 )  t e s t  operations. 

Production - Includes a l l  effort  fo r  planning, tooling, procurement ,  

fabrication,  assembly ,  t e s t  and del ivery of GSE i tems.  



WBS 269 - 

SPACE STATION MODULES GSE 

Description 

This WBS box includes a l l  GSE which interfaces di rect ly  with Space Station 

modules hardware during checkout, acceptance tes t  and delivery.  I t  will 

a l so  be uti l ized for  prelaunch and launch operations where  applicable. The 

GSE descr ibed  i s  developed fo r  use  with the t e s t  and flight a r t i c les .  

Maximum use  will be made  of existing GSE, e i ther  a s - i s  o r  modified. 

Equipment in  the following categories  is  required.  

A.  Integrated Checkout Equipment which provides capability to  pe r fo rm 

s y s t e m  level  test ing of the c lustered flight modules and the FIT.  

One s e t  of equipment will be provided for  use a t  the manufacturing 

location and will  then be utilized for  the F IT  use .  It will consis t  

of approximately  20 s tandard e lec t r ica l  equipment cabinets plus 

interconnecting cables  and umbilicals.  Approximately 25% of this 

equipment will be requi red  a t  the launch s i te  to support  processing 

of the flight modules a f te r  which i t  will be used by the FIT. 

1 se t .  

B. Servicing equipment to provide fluids o r  expendables to the Space 

Station during checkout fo r  t he rma l  conditioning equipment, water  

management,  cooling s ys tem,  a tmospher ic  supply and P /RCS 

propellants.  

2 s e t s .  

C. Access  equipment fo r  manned occupancy for  both horizontal and 

ver t ica l  module orientation during ground checkout including light- 

ing and ventilation ki ts ,  communications, cabling, and external  

s tands  and covers .  2 s e t s .  

D. Handling and protection equipment fo r  the Space Station modules,  

s o l a r  a r r a y s ,  and ma jo r  components and equipment. 3 se t s .  

E.  E lec t r ica l  GSE consist ing of r a d a r  frequency in te r fe rence  t e s t  se t ,  

maintenance t e s t  s e t s ,  and general  purpose e lec t r ica l  equipment. 

2 s e t s .  

F. Transporta t ion equipment consisting of t r a n s p o r t e r s ,  covers ,  

r e s t r a in t s  and environmental  control  for  the Space Station module, 

and e lec t r ica l  power supply. 3 se t s .  



WBS 309 

INTEGRAL EXPERIMENT GSE 

Description 

Experiment GSE i s  that equipment required to  support experiments to be 

integrated into the Space Station Modules. I t  includes checkout, handling, 

shipping and servicing equipment. Equipment will be provided by the 

experiment contractor.  Nature of the i tems will depend upon the particular 

experiment. One se t  of the peculiar GSE fo r  each F P E  will be required. 

Items provided for  one experiment will be utilized on others where common 

requirements exist. 

WBS 261 

LOGISTICS MODULE GSE 

Description 

This WBS box includes Logistic Module unique equipment required for hand- 

ling and checkout of the Logistics Module. (Servicing equipment is con- 

s idered par t  of the Launch Operations GSE). 

Handling and shipping equipment is required for delivery ( a i r  shipment) 

of modules, storage and transportation including dollies for four modules a t  

KSC, and handling equipment for installing the module in the Space Shuttle 

orbiter.  

Checkout equipment will be required for  acceptance test  and prelaunch 

checkout of the module. 



WBS 279 

LAUNCH OPERATIONS GSE 

Description 

Launch operations GSE includes modified o r  new equipment required f o r  

support  of the Space Station and Logist ic Modules o r  integrated exper iments  

during preparat ion and launch, but which i s  not a l ready  included in GSE 

required for  manufacture ,  handling and checkout. 

These requi rements  will include launch equipment used for  servicing of the 

Space Station o r  exper iments ,  equipment f o r  handling of pad-installed i t ems ,  

and f o r  opera t ion  o r  monitoring during launch. Any Space Station peculiar  

control  o r  monitoring during launch; and any Space Station peculiar  control  

o r  monitoring consoles requi red  in launch control  for  countdown monitoring 

will be included. 

Also, included i s  sustaining logist ics GSE for  Space Station resupply and 

maintenance. This would include handling equipment fo r  l a rge  replaceable 

i tems and servic ing equipment fo r  supplying expendables to the Logist ics 

Module. 

FLIGHT OPERA TIONS GSE 

Flight operations GSE includes any specialized equipment required t o  support  

planning, flight operations,  communications,  command and. control  of the 

Space Station, logist ics provisioning, logist ics modules,  and installed 

exper iments .  Requirements should be minimal  s ince use  of existing capa- 

bility will be designed for  wherever  possible. Ground network and syn-  

chronous sate l l i te  communications , command and control  functions a r e  

excluded. 



WBS 299 

TEST ARTICLE GSE 

De s c ription 

The s e t  of e lect ronic  GSE used b y  the flight a r t i c les  will be required f o r  use  

with the F IT ,  which will be in operation preceding and following the Space 

Station Module Checkout and launch. I t  will be used to  support  the F IT  and 

to  develop the GSE interfaces  and checkout and launch procedures .  Support- 

ing s e rv i ce  and a c c e s s  equipment will a l so  be required.  



WBS 491 

LAUNCH OPERATIONS 

Definition 

This WBS includes a l l  contractor ,  NASA and support agency costs  at tr ibut-  

able to  the KSC launch operations associated with the Space Station Project .  

It excludes s imi l a r  effort  attributable t o  the Space Shuttle sys tems  o r  

experiment modules. It includes s i te  activation p r io r  to  Space Station 

delivery,  a l l  preparat ions  and conduct of launch, and post-launch operations. 

I t  a lso includes inplant contractor  support  of the launch operations. All  

costs a r e  in the Operations category. 

A minimum cost  philosophy will be followed appropria te  for  a one-time 

operation. This will consist  of a task force approach with the major i ty  of 

the launch operations crew made up f r o m  some of the personnel who have 

conducted assenlbly and checkout of the Space Station p r io r  to delivery. 

These personnel will be on TDY to the launch s i te  for  approximately 

seven months. 

Contractor Tasks 

Includes contractor  and subcontractor e f fo r t  fo r  Space Station elements and 

integral  exper iments .  Consists of the following effort: 

Launch Site Operations 

Site Activation 

Launch GSE Installation and Maintenance 

Joining to Shuttle, Interface Check with Shuttle and Transportation to pad. 

Pad Checkout 

Countdown 

Launch and Ascent 

Post- Launch Deactivation 



Total on-site contractor personnel for  Space Station Project  launch oper- 

ations is  an average of TBD for nine months of which TBD follow each 

module to the launch site and return to the factory after module launch. A 

sustaining group for module launches 'will be TBD personnel which could be 

common to a l l  Shuttle payloads o r  returned to  the factory af ter  the third 

module launch. 

Inplant Support 

Effort required a t  the contractor 's  plants in direct  support of launch 

operations including: 

Engineering technical support 

Administrative support 

Manufacturing/Procurement support 

NASA and Support Agency Tasks (costs excluded pe r  NASA direction) 

Includes NASA and rahge support agency activities in support of Space 

Station Project  launch requirements.  Consists of the following effort: 

Overall  management and administration 

Support serv ices  - safety, securi ty ,  transportation, communications, 

etc. 

Data acquisition and processing serv ices  during checkout 

Tracking communications, and monitoring of the Space Station during 

ascent and injection into orbit  (par t  of the ground network operations). 

Post-launch support fo r  deactivation operations. 



WBS 591 

FLIGHT OPERATIONS 

Definition 

Flight operations consists of mission operations and mission operations 

support functions. Mission operations support i f  comprised of mission 

analysis and planning, flight operations support, experiment operations sup- 

port ,  logistics operations support, and administration of NASA and Con- 

t rac tor  operations. These operations a r e  applicable to the Space Station, 

integral experiments and the attached and free-flying modular experiments 

which a r e  controlled o r  monitored f rom the Space Station. 

This WBS excludes basic costs  of the logistic transportation sys tem f o r  

delivery of personnel and resupply to  and f r o m  orbit. These costs  a r e  in 

the Space Shuttle operations. Also not included a r e  the flight c rew training 

and equipment and the ground network for  communications and tracking. 

NASA Tasks  ( Costs excluded per  NASA direction) 

Mission Operations Support - Includes NASA effort required to administer the 

mission operations support function comprised of Mission Analysis Planning, 

Flight Operations Support, Experiment Operations Support and Logistics 

Operations Support. Included a re :  

Administrative and Management Functions 

Pro jec t  Planning and i n t e r - ~ r o g r a m / a g e n c y  planning 

Mission Analysis and Planning - Includes the NASA effort required to  

administer the planning function for  the Space Station project. This includes: 

Coordination with NASA Center,  u se r s ,  etc. 

Establishment of pr ior i t ies  

Mission planning and scheduling direction 

Overall requirements of mission operations 

Establish Orbital Procedures  Requirements ( Users  Handbook, etc. ) 



Flight Operations Support - Includes the NASA effort required to provide 

the real  time ground support of the Space Station orbital operations and 

crew training. This includes: 

Flight Control 

Administration of Flight Operations function 

Ground network provisioning and operatiohs* 

Data acquisitionS 

Hardware change authorization 

Flight crew training ( personnel and hardware provisioning) 

Simulation and simulation provisioning 

Data distribution** 

Experiment Operations Support - Includes NASA effort required to provide 

real  time ground support of Space Station orbital operations. This includes: 

Coordination with user  agencies and NASA Centers 

Direction of experiment operations function 

Real time data evaluation 

Logistics Operations Support - Includes NASA effort required to replenish 

expendable supplies and equipment needed to maintain ground and orbital 

operations. This includes: 

Management of Logistics Operations Support 

Facility Operations 

Procurement Administration 

Inter and intra program coordination for logistics functions 

Establishment of Shuttle schedules /availability/ services for Space 

Station 

Contractor Tasks 
- - -  

Mission Operations - The astronauts and PI'S a re  provided by NASA, all 

hardware elements have been accounted for elsewhere and logistics opera- 

tions support provide s all  consumables /replenishment. 

*Ground network costs provided by NASA. 
**Hard copy data distributed by Logistics Operations support function. 

Soft data reduced and distributed a s  ground network costs provided by 
NASA. 



Mission Operations Support - This  is a NASA management task  and includes 

no contractor. functions. All contractor tasks a r e  contained in the next 

functional level. 

Mia sion Analysis and Planning - Incl udes Space Station contractor,  experi-  

ment contractor and subcontractor effor t  required to  provide the planning 

function for  the Space Station project. This includes: 

Mission Plans (including Timelines)  generation and maintenance includ- 

ing long ( 10 y r )  and short  ( 90- day with 30-day incremental update fo r  

intermediate shuttle flights) 

Schedules 

Procedures  ( orbital  operations handbook, etc. ) 

Configuration Authorization 

SS Project  interface with other programs/projects  

Consultation with flight c rew for  sys tem o r  experiments 

Long t e r m  t rend  analysis 

Logistics flight planning ( including requirements to Shuttle Project)  

Flight Operations Support - Includes the Space Station contractor effort  

required to  provide the r ea l  t ime and near  r ea l  t ime ground support of the 

Space Station orbital  operations and crew training. This includes: 

Support of Flight Control 

Real  Time Maintenance Operations Support 

Real Time Orbital emergency support 

Ground crew training ( includes both flight control ground crew and 

launch operations ground crew) ( See attached table) 

Short t e r m  trend analysis 

Experiment Support Operations - Includes experiment contractor effort 

required to  provide r ea l  t ime ground support of Space Station orbital 

operations. This includes: 

Experiment Coordination 

Experiment Operations Planning Support 

, Experiment Support ( GPL Equipment, EXP-SS Subsystem Compatibility) 



Logistics Operations Support - Included Space Station and experiment 

contractor effort required to replenish expendables supplied and equipment 

needed to maintain ground and orbital c,perations, This includes: 

Inventory Management and Maintenance 

Configuration Management 

Cargo Handling 

Procurement 

Testing 

Logistics Module Maintenance Handling 

Refurbishment and Support 

Consumables Monitoring 

Maintenance of Launch Operations, Mission Support GSE 

Resupply of expendable items, spares and supplies to the Space Station 

Mockups /FIT 

Interface Control 



FLIGHT OPERATIONS ATTACHMENT 
OPERATIONS PERSONNEL TRAINING REQUIREMENTS 

, Average 
Average Duration 
Number T raining 

Operational Total Classroom/ 
Personnel  Description and Period Recruitment 0. J. T. 

Astronaut /Flight Training provided by NASA 
Controller 

Experiment Scientist Provided in NASA furnished experiment costs 

P. I. Representative Provided in NASA furnished experiment costs  

Flight Controller/  235110. 5 yea r s  575 3 mo/6  mo 
Mission Support 



WBS 81 and 82 

TEST ARTICLE "N" 

Definition 

This WBS item includes all  contractor hardware costs attributable to the 

project/system level test  articles required for the Space Station Project 

during the design or  development phases. It  excludes mockups, structure 

test vehicle and subsystems test  articles. It  includes restoration of 

available test components to functional condition, fabrication of structure, 

inetallation and wiring .of subsystems and their assembly into a test article. 

Test operations using Test  Article " N ' ~  a r e  covered in the Space Station 

Modules ( Level 4) WBS. 

Test Requirements 
- A flight test program and test article GSE will not be required. 

- Test articles consist of a functional model (FMIship set) and a 

flight integration tool ( FITIIntegration Fixture). 
- Subsystems needed for integration into the test  articles will be the 

same hardware that i s  used in subsystem development and qualifi- 

cation tests.  ( See subsystem quantities tabulated under the Space 

Station Module Subsystems definition. ) 
- The FIT will also be utilized a s  a configuration verification tool for 

subsequent experiment/subsystems changeover and control, 

WBS 82 

Functional Model ( FM Descr i~ t ion)  
- - 

The FM i s  a set of equipment used for integration of the Space Station 

Module subsystems and for  development and integration of all onboard 

computer programs ( onboard checkout, guidance and navigation, control, 

data management, etc. ). It  will consist of functional electronic subsystems 

with interfacing elements f rom other subsystems plus software and general 

purpose nondedicated computing capability. The Logistics Modules also 

utilize a Functional Model for development. 

The sub system equipment s will be assembled on a laboratory arrangement 

or  racks suitable for functional hookup and access for development. No 

primary flight type structure i s  required. 



WBS 81 

Flight Integration Tool ( FIT)  Description 

The FIT is a flight configuration Space Station Module. I t  will contain all  

subsystems in their  .flight configuration except f o r  some i tems which will be 

replaced by substitute i tems suitable for  the ground t e s t  role and with the 

addition of provisions required for  12  yea r s  of operations on the ground. 

I t  i s  used initially to develop and verify the installation and operation of the 

subsystems. After the subsystems a r e  operating-it  will be used to  verify 

the installation and interfaces of the integral experiments. . . 

After launch the FIT will continue to  be used for integration of experiments 

and fo r  checkout of subsystem modifications which a r e  to  be installed in 

orbit. 

Contractor Tasks  

Fabrication - Includes Space Station Module contractor and subsystem/ 

assembly subcontractors.  Where subsystems /assemblies  previously 

fabricated under the Space Station Module design and development activities 

a r e  to be utilized in a dual role, no fabrication task is required. However, 

restoration of these subsystems/assemblies  to functional condition i s  

included. (See  Table of quantities under the Space Station Module Subsystems 

definition). 

Assembly - Includes Space Station Module contractor assembly of Tes t  

Article "N". 



WBS 64 

SYSTEM SUPPORT 

Definition 

This WBS i tem includes al l  contractor costs attributable to Systems Support 

for  the Space Station Project during design, development, production and 

operations, System Support includes initial system engineering, engineering 

integration, al l  sustaining engineering and production checkout engineering. 

System Integration encompas s es  these functions for the Space Station Modules. 

System support relates the Space Station Modules to the res t  of the Space 

Station Project  systems. 

Excluded i s  NASA Technical, and engineering effort in support of the Space 

Station Project. It i s  included in NASA Program Level System Support. 

Design, Development, Test and Engineering (non-recurring) - 
System Engineering - includes the initial system analysis to define Space 

Station Project requirements. 

System analysis of performance and operations requirements 

Special studies and trade studies 

System cost-effectiveness evaluation 

Interface requirements definition 

Engineering Integration - Covers integration of engineering effort during 

initial design, development and qualification. This consists of engineering 

functions which a r e  not directly for design and development of the individual 

flight hardware and GSE end items, but which a r e  required a s  part  of the 

overall engineering effort. This includes: 

Design and development plans and schedules 

Interface control 

Test  and checkout integration and plans 

Design performance evaluation 

Engineering configuration control 



Effectiveness Engineering - 
Reliability 

Maintainability 

Safety 

Human Factors  

Value Engineering 

Production (recurr ing)  

Engineering Integration - Continued integration of the overall engineering 

effort during production and acceptance tes t  of flight hardware and GSE. 

Includes: 

Monitoring and control of change requirements 

Interface coordination 

Analysis of design, manufacturing and checkout performance 

Effectiveness Engineering - Sustaining effort to monitor changes 'and 

production operations. 

Sustaining Engineering - Includes al l  engineering effort in support of flight 

hardware and GSE production, plus other required (Class 2 )  changes after 

initial re lease  of production drawings. This inclkdes: 

Engineering analysis and design changes 

Support of fabrication and assembly requirements 

Production Checkout Engineering - Includes engineering effort to conduct 

factory checkout and acceptance tes ts  of the Logistic Module, Space Station 

Project orbital sys tem and supporting GSE. (Manufacturing effort in support 

of checkout is covered in the Logistic Module [ ~ e v e l  41 WBS box. ) 

Operations (recurr ing)  

Engineering Integration - Continued engineering integration effort during 

launch and flight operations phases,  including: 

Monitoring and control of engineering changes 

Analysis of operations performance data 

Interface coordination 



. ., 
Effectiveness Engineering - Analysis in support of operations require.ments. 

Sustaining Engineering - Engineering analysis and design changes (Class 2 )  

required during launch and flight operations, including: 

Design changes to Space Station Project systems 

Design changes to GSE 

Changes required to accommodate experiments 



WBS 124 - 

FACILITIES 

Definition 

This WBS includes a l l  contract'or, NASA and support agency costs  attributable 

to  modifying, leasing, designing, fabricating o r  si te exploration 

( civil engineering) f o r  an industrial  o r  goverlimeht facility required by the 

Space Station Pro jec t  during design, development, production o r  launch1 

flight operations except those provided by the Ground Network and synchro- 

nous satell i te communication institutional base  and those provided by NASA 

for  c rew training. 

Facili ty Descriptions 

Contractor development and production operations will utilize minor 

modifications to existing industrial  facil i t ies fo r  access  and serv ices  

requirements of the Space Station. 

Government facil i t ies for  launch and flight operations support will include : 

1 .  Vertical Assembly Low Bays - Modifications to  four existing 

unused low bays for  servicing, processing and loading of the 

Logistics Module. 

2. Logistics Building - Modification of an existing hangar type building 

(Shipping & Receiving Building) for logistics supply functions includ- 

ing stocking of Space Station supplies and storage. 

3. Manned Spaceflight Operations Building - Modification of high pay 

a r e a  in the existing facility to  accommodate the FIT and ancillary 

equipment for  experiment integration. The FIT may be located 

elsewhere but i s  identified he re  to  identify representative facil i ty 

mods. 

4. Mission Support Center - Modification of existing facilities ( e .  g., 

MCC-Houston for  use  in support of resupply operations and orbital  

operations. 



Contractor Tasks ( DDT &E/Non-recurring) 
- Prepare facility cri teria for industrial modifications or  leases, 

includes Space Station Project contractor and subcontractors. 

- Design, modify or  lease industrial facilities 
- Prepare interfacing facility cri teria for government facilities 

NASA and Support Agency Tasks ( DDT &E/Non- recurring) 
- Design and modify required government facilities in the launch, 

mission control, or  recovery areas: 



WBS 34 

PROJECT MANAGEMENT 

Definition 

Project Management includes a l l  contractor effort  for management of the 

Space Station Project  elements, including the integral experiment items. 

It covers a l l  general management functions, including the management of 

technical effort, but does not include system engineering o r  other technical 

tasks which a r e  covered in the System Support WBS box. 

Excludes NASA Project  Management effort in support of the Space Station 

Project. 

This effort, a s  defined below, continues through DDT&E, Production and 

Operations phases. 

Contractor Tasks 

Contractor Project  Management functions include the following: 

P rogram Planning and scheduling 

Financial Planning and Control 

Configuration Management 

Production and Procurement Management 

Tes t  Operations Management 

Quality Assurance Management 

Logis t ics Support Management 

Engineering Management, including administration and engineering 

business systems and support functions. 

Contract and Documentation Management 



WBS 300 

RESEARCH AND APPLICATIONS MODULES P R O J E C T  '(ISS & GSS) 

The RAM Project consists of all  separately launched RAM Modules which 

carry  experiments that a r e  not integrated in the Space Station. Effort 

included in this covers DDT&E,  Production and Operations tasks to 

design, develop, produce and operate these experiments and modules. 

The Baseline Program (534G) assumes that the following items a r e  included 

in the RAM Project: 

- 3 F ree  flying modules 

- 11 attached modules (3 a r e  reworked) for .a total of 14 attached 

module launches . 
- 17 FPE's 



S P A C E  S T A T I O N  P R O G R A M  

(MODULA R )  

C O S T  E S T I M A T I N G  G'ROUNDRULES 

A P P E N D I X  B 

C O S T  E S T I M A T E  DATA F O R M  A 
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